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New Light on a Compound Semiconductor 


Pictured is a new and unusual transistor... made from a compound 


semiconductor. Its electronic prope are vreatly affected by light. It is 


a field-effect transistor having input impedances up to 100 megohme 
(versus 1,000 ohms for junction transistors), Its unique combination 


of properties has enabled it to perform some novel circuit functions 


not possible with other transistors. 


Still in the early experimental stage. this phototransistor is a 
tangible result of the General Motors Research Laboratories” program on 


semicondue tors — partie ularly the group 11-\ l ‘ ompound, 


cadmium sulfide. Behind its development lies the steady accumulation 


of (1) know-how in erystal growing. doping. and contact 


preparation and (2) information about CdS"s intriguing solid state 


properties (red or green luminescence, high photoconductivity, 


short relaxation times. ete.), 


For the researcher. this three-terminal device is adding a new dimension 


to the fundamental understanding of semiconductors. For instance: 


GM Research scientists have uncovered the important role of 


photo-generated holes in modulating the conductance of this intrinsic 


semiconductor and have determined the hole drift mobility 


through a new theoretical analvsis. 


These semiconductor investigations illustrate the dual aim of GM 
Research: contributions to the science. advances in the technology of 


important new subject areas. Such research is the initial step in 


General Motors’ continuing quest for “more and better things 


for more people.” 


General Motors Research Laboratories 
Warren, Michigan 
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COVER: Sea gull, temple, lake, and smelter all personnel 


goes to say, Rocky Mountain Minerals Conference, 
to which this issue is dedicated. Extractive metol personals 
lurgists will find a number of timely articles on 
beryllium and other metals within these covers 


education 


reporter 
editorial 
news of your profession 


advertisers index 


Contents of October TRANSACTIONS 


Beryllium Research in Missile Development 
by Clayton O. Matthews 


Fused Salt Electrorefining of Beryllium 
by M. M. Wong, R. E. Campbell, and D. H. Baker, Jr. 


Recent Advances in Beryllium Metallurgy 
by S. H. Gelles, J. J. Pickett, and A. Wolff 


Nuclear Purity Beryllium... its Manufacture 
by C. W. Schwenzfeier, Jr 


Higher Purity Ingot Cerium From Molten Salts 
by B. Porter, E. S. Shedd, C. Wyche, J. D. Marchant, and R. G. Knickerbocker 


Electrolytic Cobalt in Katanga 
by M. A. Bouchat and J. J. Saquet 


Steps Toward Engineering Unity 
by Will Mitchell, Jr. 


PHASES AND PROCESSES 


Stress Corrosion of Austenitic Stainless Steel 
by D. van Rooyen 


EDITORIAL STAFF: Editor in Chief, Weston Starratt, Associate Editor, Harvey Braun, 
Production Editor, Otto Johnson; News Editor, William Leggitt, Editorial Assistant, C_ M. Cardon 
ADVERTISING SALES MANAGER: Lee Kent, 122 East 42nd St., New York 17, N. Y. 
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neering Societies Personnel Serv 
This Service, which cooperates 


societios of Civil 


salary if a non-member, 50% if 
ber. Also, that you will agree to 


sition 


mor 


personnel 


@ These items are listings of the Engi 


Inc 


with the 


sign 


Electrical, Chemical 


Mechanical, Mining, Metallurgical, and 
Petroleum Engineers, is svelte to all 
engineers members and non-members 
and is operated on a nonprofit basis. If 
you are interested in any of these list 
ings, and are not registered, vou may 
apply by letter or resume and mail to the 
otfee nearest your place of residence 
with the understanding that should you 
secure a position as a result of these 
listings you will pay the regular em 


ployment fee of 60% of the first month's 


vem 
our 


placement tee arrangement which wil! he 


mailed to you immediately after receiv 
ing your application. In sending applica 
tions be sure to list the key = job 
number. The New York office of Engi 
neering Societies Personnel Service, Inc 
ss open for interviews until 7:00 p.m 
Thursday evenings 

@ When making application for a po 


include eight cents in stamps for 
forwarding application to the employer 
and for returning, when possible 


MEN AVAILABLE— 


All those listed under “M 


en 


Avail 


able” have membership in the AIME 


Metallurgist, B.S. Met. Four years R 


specia netals berviliurr zirconiur 
niu hea experience vacuun 
Locat pen. M-2 

Metallurgist in applied research 
deve pment B.S Met One vea 


development tr 


Research Scientist or Engineer 
BS. Met BS. Physics. Researct 


pment w b t iniver relat 


M.S 
and 
ne 


Force ‘ projects fror 1958 t 


&D on 


d ura 
eiting 


product 
r product 


ant 


Met 
devel 


t Alr 


ist furnace operation 
ind practice at ree teel corporation. Loca 
tior Canada 
Plant Supervisor ige 52 Over twenty 
ve exper supervision of modizing 
nd a metal f hing problems, for electro 
er product nute otive part bear 
ne ting equit ent and solutions 
$10,200 t iw t. northwest Home 
Michigan. Se 2 
Metallurgical Engineer, MS. MetE, 35. Ten 
ears combined met irgical and perating 
expe t ‘ rir ind copper smelters 
Speak Spanist Any Locatior Home Okla 
hon Se 
Metallurgist, Production, Research, Ener 
Pr 7. Elever ears diversified experience 
i tee dust esearct nd high temper 
iture ting refractor, etals 
H ‘ ‘ broad engineering and technical 
back ind elated field Five ears re 
S| ble supe t i tior ng di 
ect f ue et irgica jepartment 
witl resp bilitie to top management 
ind ist er « t t mn technical subjects 
About $12,000. Prefer southwest, south, west 
Home ithwest. Se-1412 
Mill Superintendent, Metallergist, BS. Ch 
MS. Met, 43. Nine years harge of lead 
zim entrator ill positic id 
neg hift boas d assistant mi f eman ir 
copper-zir Also assaying copper, gold 
of rt r dressing isles. $9600. Prefer west 
ern U.S foreigr Home: Arizoné Se-1335 
Metallurgist Superintendent MetE 33 
rhree ears charge of casting d wire 
te fe slur nu product One vear 
de ent, test f brazing i weld 
ethods for tee ts tur 
bine Five years research « weldability of 
ew leveloped urn hlloys $9200 
Se- 1690 


Metallurgist of Teacher, MinE. EM. Met 


57 Twent year experience built mills 
uperintendent manager for r ng 
ind a. Twe ears sale id 
tive ner ‘ mar ifact irer ear as 
associate professor of mining and metallurgy 
$6000. A ocation. Home: Texas. Se-177 

Foreman or Superintendent MetE. 28 
Seven ears experience in charge of crews 
developing undercut blocks on block cay 
ing ifet pectior cut and | stopes 
flotation n indergr ind surveying on cop 
per and molybdenum mining. $8500. Prefer 
western US foreigr Home Colorado 
Se- 1648 

Research Development Engineer M_E 
Phys Met, 39. Seve years research on met 
al ind teaching sSistant for universit 
One ear ipplicati« f heat treatment rf 
meta $7000. Prefer San Francisco East 


Ba Home: San Francisco East Bay. Se-1151 


Chief Metallurgist, MetF 4. Ten years 
diversified experience ferrous and nor 
ferrous foundr cold and hot forging, pro 
ductior nd research and development tita 

bur st ess iperalloys cree, fatigue 
$12.000 Prefe west Horne Connecticut 
Se-1025 


—POSITIONS OPEN— 


Physical Metallurgist, BS MS PhD in 
Metallurgy or Physical chemistry, to develop 


nd apt new and in ed mater for 
sensor for dive ‘ f nstrumentatior 
products. Phot nductive d phot etric 
measurement thermoelectric and resistance 
materia for hig? temperature measure 
ments $7000-$10.000 vear Locatior New 
England. W9492 

Foundry Manager, Metallurgical degree 
with at least 10 years supervisory productior 
experience id standards ind neen 
tives in gre ro jobbing foundry $10,000 
$12,000 year Locatior Massachusetts 
W9488'b 

Manager, Process Engineering graduate 
Metallurgical Engineer with interest pri 
mar r metallurg but hemica process 
engineering experience essential. Will be re 
sponsible for all phase { chemical and met 
re plant pe tions for the levelop 


extru nd ftorging ure work ‘ 
quired sting, etc. Salary ope 
commensurate with experience, training and 
growth potential Locatior Pennsylvania 
W9433 


Metallurgist, young, need not be graduate 
for compar ir precision casting. foundry 
ind heat treating operations Duties will be 
primari to solve productior problems ir 
voiving all al s. $6000-$7800 year. Companys 
will negotiate fee. Locatio New York City 
wese7 


Blast Furnace Operater for ar ntegrated 


steel plant Will be complete harge of 
operatior Must be capable of trai 
tive help iz ipervision and operat 
fer mature ind dual, I @ quarters 7 
able, but ' ng nadequate. At least 
year ontract Appl t etter sd 
rea plete resume and ‘ equire ents 
Exce climate. Locat South Amer : 
F9419 

Metallurgist Metallurgical Engineer or 
Chemical Engineer, who has had 5-6 ears 
metallurgical experience n the brass indus 
try Should have had melting room experi 
ence $7000-$9000 vear depending on appli 
cant. Location: western Pennsylvania. W9220 


Address replies for positions 
to the nearest local office of the 
Engineering Societies Person- 
nel Service, Inc., not to the 
JOURNAL OF MeETALs. Offices are 
located at 29 E. Madison St., 
Chicago 1, II. 57 Post St., 
San Francisco, Calif. and 
8 W. 40th St.. New York 18, 
N. Y 


General Mechanical Foreman with 4-5 
years experience in metal refining plant 
$10,000 year. Location: Maryland. W8974i< 


Metallurgist, graduate, young, for research 
and development programs on new alloys 
Should ave 3-5 years experience in physical 
metallurg de I nent work covering a 
fairly wide ariet of ferrous or non-ferrous 
materials. Experience large organization 
with broad range of assignments desirable 


Salary open. Locatior Last. W8973 


Manager. graduate mechanical or meta!l- 
urgical, with knowledge of alloys helpful 
to manage small concern extruding phosphor 
copper alloys. Should be well versed in ex 
trusion presses, wire drawing, billet casting; 
knowledge of copper alloys $10,000 year 
Locatior Westchester County, N.Y. W8911 


Metallurgist, graduate 
contacting aluminum die casting companies 
in solving in manufactur 
ing. Considerabie traveling within 500 mi 
radius of Chicago, but home every week 
Car furnished. $7200-$9000. Employer will 
pay fee Location Chicago area. C8235 


service engineering 


Research Metallurgist and Lecturer, MS 
or PhD, age to 45, to corceive research pro 
jects supervise laboratory experimentation 
teach sp alized field, guide graduate re 
search, prepare research proposals and re- 
ports for research and education. $8000 up 
Rocky Mountain area. C8264 


Locatior 


Metaliurgist, Met under 50 
experience in copper 
smelting and refining, familiar with opera- 
tior and engineering in copper producing 
ighout the world Will provide 
technica lirection for metallurgical plant 
nstructior ilso technica 
smelters and refineries, and 
methods 


Consultant 
W ide metallurgical 


reas thre 


ince to operate 


handle development work for new 


Must be top-notch with sound economic 
sense. Capable of contact work under vari 
ety f circumstances including top manage 


commensurate with ex- 
Mountain states 


ment. Salary open 
Headquarters 


perience 


S)-5444-R 


1) Junior and Senior Design Engineers, 


MinE, C.E M.E., or MetE degree. Require 
background in industrial design and draft 
ng with previous experience in mining, mill- 
ing, smelting or refining plants and facilit 

desired. Applicants for positions at junior 
eve especially desired, but some seniors 
isc $7200-$10,200 Headquarters Utah 


Censtruction Engineer, grad CE. or 
M.E. with experience in all phases of plant 
iction, preferably in mining or min- 
ustry Benefits. $7200-$8400. Head 
s: Utah $)j-5443-R 


Excellent opportunity for B8S./MS 
Metallurgist. Minimum five yeors’ ex- 
to establish and operate 
large 


perience; 
metallographic laboratory in 
metropolitan New Jersey research 
laboratory engaged in semi-conductor 
and thermoelectric work. Must possess 
good laboratory technique as well as a 
sound theoretical background. Salary 
commensurate with experience. Send 
resume to Box No. 18JM 


IMMEDIATE OPPORTUNITY FOR 
PHYSICAL METALLURGIST 


Large metropolitan New Jersey re 
search laboratory currently engaged 
in semi-conductor and thermoelec 
tric tield seeks senior man with 
background in 


Minimum of 


broad and proven 
physical metallurgy 
5 yeors’ experience; PhD desirable 
open. Send 
17JM 


but not essential. Salary 


complete resume to Box No 
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Millions in technology 
help you profit with UCM’s "FIVE-DEEP” Ferroalloys 


@ Technology — many million dollars a 
year, invested in UCM's 600-man research 
and development center—helps you pro- 
duce better, more profitable metals. This 
is one of the 5 intangible but ever-present 
extra values of Union Carbide Metals’ 
FIVE-DEEP alloys 

It has brought you more than 100 new 
alloys and metals designed to give you 
production economies and improved prod- 
ucts. Countless millions have been made 
and saved because of UCM’s research, 
along with these 4 other extra values: 
(2) Customer Service brings you our inte- 
grated experience in the application of fer- 
roalloys to various melting practices. En- 
gineers from 9 UCM field offices travel a 
million miles a year to provide on-the-scene 
assistance. 
&) Global Ore Sources assure you unin- 
terrupted supplies of ferroalloys. UCM's 
close association with world-wide mines 
provides dependable raw material sources. 


© Unmatched Facilities free you from 


delivery worries. Only UCM gives you 6 
plants —3 with their own power facilities — 
and 17 warehouses, all located for fast 
shipments by rail, truck, or water. 


Strictest Quality Control! — with over 


100,000 tests per month from mines to 
shipment — makes sure you always get 
alloys of uniform size and analysis, with 
minimum fines, lot after lot 

For better metals, production economies, 
bigger profits, insist on UC M's FIVE-DEEP 
alloys. Union Carbide Metals Company, 
Division of Union Carbide Corporation, 
270 Park Avenue, New York 17, N. Y., 
producer of “Electromet” brand metal- 
lurgical products. 


“Union Carbide” and “Electromet™ are registered 
trade marks of Union Carbide Corporation. 


METALS 


Only ELECTROMET ferroalloys from UCM are so deep in extra values to help you. 


% 
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education 


LITERATURE 


A new technical data booklet on 
the consumable electrode method of 
vacuum melting super alloy steels 
has been released by Midvale-Hep- 
penstall Co. The new book is written 
in factual style to supply metallur- 
gists, design engineers, and research 
and development men with data on 
vacuum melting, the advantages of 


METALLURGICAL 
ENGINEERS... .. 


Recent Grads For 
Technical Work In 
Non-ferrous Extractive 
Metallurgy 


Some furnace and process 
development required 


Large metals refining 
plant located in 
Middlesex County, 
New Jersey 


« SUBMIT RESUME AND 
SALARY REQUIREMENTS 
IN CONFIDENCE: 


BOX JM 326, 
125 West 41 St., 
NYC 36 


metals produced by this method, and 
the properties of alloys made by 
the Midvac Process 

Copies of the booklet are avail- 
able by writing to Dept. MV, Mid- 
vale-Heppenstall Co., Nicetown, 
Philadelphia, Pa 


The 1960 issues of four Russian 
technical journals, translated into 
English, will be published during 
the coming year by the Instrument 
Society of America, under a grant 
from the National Science Founda- 
tion. Known as the Soviet Instru- 
mentation and Control Translation 
Series, this is the fourth year of 
publication. Included in the series 
are 

Automation and Remote Control 
(Avtomatika i Telemekhanika), con- 
sidered to be the leading Soviet 
journal in the automatic control 
field. Published monthly by the In- 
stitute of Automation and Remote 
Control of the Academy of Science, 
U.S.S.R.,_ it approximately 
150 pages per issue of articles on 
all phases of automatic control 
theories and techniques 

Measurement Techniques-—(Iz- 
meritel’‘naia Tekhnika). Approxi- 
mately 100 pages per issue, published 
monthly by the Committee of Stand- 
ards, Measures, and Measuring In- 
struments of the Council of Ministers, 
U.S.S.R. Of possible interest to those 


carries 


PHYSICAL 
METALLURGICAL 


For development of high 
temperature’ alloys,  cer- 
mets, and ceramic materials 
and compatability, stability 
and physical property stud- 
ies Prefer metallurgists, 
physicists or chemists with 
graduate studies or research 
experience in powder metal- 
lurgy or ceramics 


Send complete resume in con- 
fidence to Employment Man- 
ager, 


K. H. Soderlund 
THE BRUSH 
BERYLLIUM 
COMPANY 


4301 Perkins Ave. 
Cleveland 3, Ohio 
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engaged in the study and applica- 
tion of fundamental measurement 

Instruments and Experimental 
Techniques—(Pribory i Tekhnika 
Eksperimenta). Published bi- 
monthly, more than 175 pages per 
issue, by the Academy of Sciences, 
U.S.S.R., each issue contains articles 
relating to function, construction, 
application, and operation of instru- 
ments in various fields of instru- 
mentation 

Industrial Laboratory—(Zavod- 
skaya Laboratoriya). Published 
monthly by the Ministry of Light 
Metals, U.S.S.R., it contains approx- 
imately 125 pages per issue. Arti- 
cles appearing are on instrumenta- 
tion for analytical chemistry, and 
physical and mechanical methods of 
material research and testing. 

For subscriptions or information, 
write to Foreign Translations Dept., 
Instrument Society of America, 313 
Sixth Ave., Pittsburgh 22, Pa. 


The American Society for Qual- 
ity Control is offering Case Histories 
on Statistical Methods for Quality 
Control, prepared by the society's 
Metals Technical Committee. The 
publication is made up of case his- 
tories oriented with emphasis on 
methods rather than on_ specific 
areas of application. It is the second 
in a series 

The general problem which the 
publication covers is that of in- 
creasing open hearth production 
with existing facilities. The prob- 
lem was defined by works manage- 
ment and assigned jointly by blast 
furnace and open hearth supervi- 
sion. The technical details were re- 
ported in the first publication, which 
was published in Jan. 1958 

Case Histories on _ Statistical 
Methods for Quality Control, Series 
II, (Regression, Correlation and As- 
sociation) was published by the 
American Iron and Steel Institute 
(as was the first publication) in 
Apr., 1960 

It is available at a cost of $1.00 
each from the American Society for 
Quality Control, 161 West Wiscon- 


sin Ave., Milwaukee 3, Wis 
CONTEST 
In conjunction with the steel 


casting industry’s centennial ob- 
servance in 1961, the Steel Founder's 
Society of America has announced 
an expanded Product Development 
Contest 

The purpose of this contest is to 
encourage the development of steel 
casting applications through engi- 
neering analysis and design. Almost 
any new development or improve- 
ment in the use of steel castings will 
be eligible in the contest which runs 
from Oct. 1960, to June 1961 

Prizes totaling $10,000 will be 
awarded. There will be 22 awards 


(Continued on page 817) 
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teague talks design 


In 1942 a ‘man named Walter Dorwin Teague published ““You (.an’t Ignore Murder,” a mystery novel. It is 
probably the only attempt at bafflement in his long history, because Walter Teague has been making products 
speak clearly for themselves since the Twenties. 

‘Teague has rightly been called the dean of industrial design. He began as an artist in 1908 designing adver- 
tising, books and magazine illustrations. If you’re old enough to remember Locomobile and Pierce Arrow ads, 
Teague designed them. In 1927, Eastman Kodak asked him to redesign their cameras. He made a proposal to 
spend one week a month in their plant observing production problems and techniques, and then redesign the 
cameras. That simple principle of knowing how a product is made, of understanding all the complexities of the 
production line, is still a Teague trademark. And Eastman Kodak is still a Teague client. 

In the thirty-plus years since that camera assignment, Teague has explored just about every nook and 
corner of the wonderful world of three dimensions. He designed the classic Marmon 16 automobile in 1930, with 
his son as collaborator; he was on the Design Board of the 1939 World’s Fair. When World War II exploded, the 
Navy asked Teague to perform design work on their 16-inch guns in order to eliminate possibilities of explosions 
caused by loading malfunctions. Today he still works for the Bureau of Ordnance. He has 120 people in his 
organization, a branch in San Juan and task forces scattered across the United States 

Teague has designed service stations, railway equipment, plane interiors, heating appliances, business 
machines and machine tools, offices and furniture, showrooms and department stores, even periodicals. One of 
the most impressive things he has done is the Boeing 707 jet interiors. Mr. Teague recalls: “‘Boeing was concerned 
about their ability to sell the 707 because they hadn't made civilian planes for years. We convinced them to 
build a full-size mockup of the interior. They gave us carte blanche with body engineers to collaborate, and 
they refused to look at it until it was finished. We made it complete to the tiniest detail. It cost half a million 
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dollars and helped in selling most of the huge fleet now in the air. Our staff is responsible for the final interiors 
of the planes purchased by eighteen or more airlines, and for the interiors of executive planes purchased by 
the United States Government.” 

Whether mammoth jet airliners or chairs, a product is designed to five principles that are the modus 
operandi of the Teague organization. “First of all, the redesigned product has to work better for our efforts,” 
Teague says. “It should be more convenient to use, more humanized. It must make honest use of the material 
it’s made of, and it’s got to be capable of being efficiently manufactured at the proper price. We assiduousty 
avoid gee-gaws or extraneous ornamentation that adds nothing but price to the product. Finally, the design 
must give the user an emotional pleasure or gratification each time it is used.’’ Selection of the right material for 
the job is important to each of Teague’s requirements. ““We endorse no material over another,” Teague says. 
“We first look for the material that is best in keeping with the product’s desired personality. Strength and 
durability are highly important in material selection. Then we make sure our client’s tooling can handle the 
material we have in mind. Above all, it takes the right material to sell the product to the consumer.” 

Teague has used practically all materials known to man and it is no accident that a great many of his 
designs use steel in one way or another. ‘““The wonderful thing about steel is its versatility,”’ says Teague. “‘Its 
many alloys, old and new, give it adaptability that other materials don’t have. Its strength, both in tension and 
compression, qualifies it for literally thousands of uses. And stainless steel is another reason why steel is a 
modern metal because it gives so many designs their contemporary look.” 

The moral is this: steel is an ageless metal, as much at home in the Boeing 707 and today’s elegant tableware 
as it was in medieval days. Its enduring modernity will always be recognized and used by designers like 
Walter Dorwin Teague. 
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designing with stainless steel 


The ideal design has been described as one in which the prop- 
erties of the material are fully utilized in the finished product. 
This ideal is difficult to achieve, and no group of materials comes 


as close to permitting this ideal as stainless steel. 


To put it differently, no other material combines so many out- 

standing properties as the stainless steels. Stainless steels have There are over 30 types of 

high tensile strength. All are hardened and made even stronger stainless steel today. 

by cold working. As a family they offer superb resistance to the 

corrosive effects of an enormous variety of reagents. They have 

unusual resistance to high temperature oxidation, and are dis- 

tinguished by relatively low heat conductivity. And on top of 

: By reflecting the color of its 

their remarkable physical properties, stainless steel’s lustrous : : 

surroundings, stainless steel 

appearance and sales appeal scarely need mention. 
contributes to harmonious design. 

The history of stainless steel’s use is marked by designers who 

turned a healthy profit with a quality material but mainly with Types 302, 410 and 430 make up 

sound ideas. They're the men who used stainless for its strength 75% of stainless steel’s uses. 

and sales appeal in toaster covers, its appearance and machin- 

ability in wrist watches, its structural properties and cleanability 

for truck trailer parts. Stainless steel cuts weight and adds years 


to the life of architectural panels; its corrosion resistance and 
Successful designers don’t 


substitute stainless steel sections for 
sections of other materials. They design 


to stainless’ unique properties. 


smooth, pocket-free surface have made it the standard of the 
dairy industry. There are literally thousands of applications of 
stainless steel in which designers have utilized one, two or more 


of the remarkable properties of stainless steel. 


Good design is honest design, whether it uses stainless steel or Good design doesn’t stop with 
other materials. Yet the fact remains that there is no other com- function and sales appeal. It must 
mercial material quite as versatile as stainless steel. The appli- also be capable of economical 
cations shown on these pages are just a few of the hundreds of manufacture. As a comprehensive 
uses to which stainless is put every day. To learn more about guide, send for the free book 
stainless steel and its design properties, call our nearest sales described at the right. 

office or write United States Steel, 525 William Penn Place, 


Pittsburgh 30, Pa. 


Stainless steels represent but a few of the thousands of 
grades of steel in existence today. United States Steel 
makes a complete line of stainless steels as well as alloy, 
high strength and carbon steels. Bring your design prob- 


lems to us. USS is a registered trademark 
(iss) United States Steel 
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No Material comes close to stainless steel’s versatility. By way 
of illustration, here are a few ‘‘opposites"’ that prove our point. 


HOT. Temperatures 
in a jet afterburner 
reach 1400 °F. 


CLEAN. Milk dis- 
pensers of stainless 
steel prevent contami- 
nation. 


LIGHT. Stainless 
steel jewelry has a 
light, graceful appear- 
ance. 


FORM. Stainiess 
steel wrist watch keeps 
time and beauty. 


COLD. Stainiess 
heat exchanger oper- 
ates at temperatures 
as low as —443 °F. 


\ 


DIRTY. Stainiess 
piston rings resist high 
temperature corrosion. 


HEAVY. Strength 
and hardness of stain- 
less combine to make 
safe doors safe. 


FUNCTION. Stain- 
less steel muffler defies 
heat with silence. 


WET. Combination 
of moisture and coal 
would corrode nearly 
anything but stainiess. 


INSIDE. Chemical 
tanker needs simple 
wash-out for cleaning. 


ROLL. Stainiess bal! 
bearings take a lot of 
punishment. 


WATER. Stainiess 
sinks stay bright and 
beautiful. 


DRY. Rotary dryer is 
used to dry pharma- 
ceutical ingredients. 


OUTSIDE. Stain- 
less automobile trim 
stays bright and good- 


SLIDE. Abrasion re- 
sistance of stainiess 
steel makes chutes 
last longer. 


FIRE. Stainless steet 
shingles inside cat 
crackers are red hot. 


This mark tells you a product Is 
made of modern, dependable Steel. 
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Stainless steel's proper- 
ties require close control over 
processing and in some cases, 
special fabricating techniques. 
Its cold working and joining char- 
acteristics are of special interest 
to the designer and will often in- 
fluence final design. For com- 
plete coverage of the subject, 
send for your free copy of our 
newly revised manual: 


FABRICATION OF 
USS STAINLESS STEEL 


Welding Austenitic Stainless 
Steels 

Welding Ferritic Stainless Steels 

Welding Martensitic Stainless 
Steel 

Brazing 

Joint Preparation 

Jigs and Fixtures 

Removal of Scale from Stainless 
Steels 

Soldering 

Joint Design 

Lining of Vessels 

Riveting 

Machining 

Cold Cutting 

Flame Cutting 

Cold Forming 

Hot Forming 

Annealing 

Scale Removal 

Passivation 

Standard Mill Finishes 

Surface Finishing 

Grinding, Polishing and Buffing 

Etching 

Protection of Stainless Surfaces 

Cleaning of Stainless Steels 


United States Stee! 
Room 6145 

525 William Penn Place 
Pittsburgh 30, Pa. 


Send me your new, just-off-the-press 
“Fabrication of USS Stainiess Steel.” 
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William R. Opie has joined Ameri 
can Metal Climax, Inc. as manager 
of research at the Carteret, N. J 
laboratory of it ubsidiary com 
pal Amco Re earch & De velop 
ment, Ine Dr. Opt vas previously 
emy ed by the Titanium div. of 
National Lead Co. as research su 
ervisor of the Geochem and Metal 


lurgical De pt 


John Hazel has been promoted to 


a tant director of research for 
Republic Steel Corp. Mr. Hazel wa 
forme! the company chief cet 
ramic engineer and head of the In- 


dependence, Ohio Research Centet 


Sir Charles Goodeve has been unan 


imously proposed for nomination a 

president elect of the sritish Iron 
ind Steel Institute, by the Institute 

Council Sit Charle will ucceed 
W. F. Cartwright as president at the 

General Meetir it May 

a \ 1 thu be i office at 

f the Institute proposed 

Meeting in the U.S. in Oct 

( harte became in hon- 

nem be of the Council of the 

i Steel Institute in 1945: he 

cted vice president in 1956 


RESEARCH 
METALLURGIST 


pportu wit 
xf 
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W. P. BUEHLER 


Supervisor of 
Salaried Employment 


hot ker Penr 


ALAN WOOD STEEL CO. 
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James R. Bachman has been ap- 
pointed manager of the basic re- 
fractories laboratory of the Refrac- 
tories & Chemicals div. of Kaiser 
Aluminum & Chemical Corp. Bach- 
man has been at the laboratory since 
1957, devoting much of his time to 
refractory applications in the tee! 


industry 


Charles A. Divine, Jr., has been pro- 
moted to assistant metallurgist 
tainless steels. He was formerly in 
the company’ technical service 
department 


Daniel W. Machon has been ap- 
pointed manager of the Santiago 
Chile div., of Cerro de Pasco Corp 
Mr. Machon, who was until recently 
in charge of administration fo! 
Freeport Sulphur Co. in Cuba, will 
have similar responsibilities for 
Cerro in Chile 


Henry S. Rubenstein has been ap- 
pointed project supervisor, Process 
Metallurgy, by The Beryllium Corp 
of Reading, Pa. He was formerly 
head of the Development Dept., 
Bridgeport Brass Co 


Roy W. Drier, professor of theoret 
ical and applied x-rays at Michigan 
College of Mining and Technology, 
retired from the faculty on July 11 
Dr. Drier retirement ends a 42 
vear career, including four years of 
military duty and five years in in- 


dustry 


George A. Allison has been pro- 
moted to general superintendent of 
the Electrolytic div. of American 
Zinc. Lead and Smelting Co., at 
Monsanto, Ill. Mr. Allison was for- 
merly assistant superintendent of 
the company’s Dumas, Tex., div 


George Havas has been appointed 
vice president and director of en- 
gineering of Kaiser Industries Corp 
He has been associated with the 
company since 1928 


Edward L. Harmon, Jr. is now senior 
research engineer of the Jet Propul- 
sion Laboratory, California Institute 
of Technology. He was previously 
a research metallurgist with Union 
Carbide Metals Co 


Robert B. Mears, has been appointed 
assistant vice president in charge of 
applied research of U.S. Steel Corp., 
Pittsburgh. Dr. Mears was formerly 
director of the company’s Applied 
Research Laboratory in Monroeville, 


Pa 


John C. Douglas has been appointed 
vice president of operations of Union 
Carbide Metals Co. He has been 
with the company since 1934. Mr 
Douglas will be succeeded as vice 
president, technolgy, by David 
Swan, formerly manager, planning 
He has been with Union Carbide 
since 1946 


(Continued on page 766) 


METALLURGISTS 


Rapidly expanding industry offers chal 
lenging positions on applied research and 
development projects involving all fields 
of metallurgy 


Alloy Development— 


The fesign formation ond 
‘ tion f beryilium bose 
nd ery ntaining 


Physical Metallurgy— 
nvestigatior f physical and 
mechanical ¢ 


Metal Fabrication— 


Development f new tech 

ue for asting, rolling 
extruding and other forming 
rocesse ¢ be applied to 
ery m meta wd beryl! 


Powder Metailurgy— 


n tigat f vor s n 

t € m met “ 

€ t ple and rr 
x pes 


Positions ore open of all levels for men 
with PhD. MS and BS degrees or equivo 
lent. Selories commensurate with experi 
ence and background 


Interested persons should send their resume 
and salary requirements in confidence to 


Richard M. Quimby, Personne! Director 
The Beryllium Corporation 
P.O. Box 1462, Reading, Penn. 


MANAGER 
BERYLLIUM METAL 
DEVELOPMENT 


Unusual opportunity in a rapidly ex- 
panding industry for a metollurgist 
with a minimum of ten years experi- 
ence in research and development 
work, preferably in the areas of the 
less common metals. The position in- 
volves the direction of a substantial 
number of metallurgists in the physi- 
cal, process, and mechanical metal 
lurgy of beryllium. Applicant should 
possess several years of supervisory 
experience and should have the initia 
tive and confidence to assume the 
leadership of an important area of ef 
fort in a dynamic industry 


Please write in complete confidence 
or call collect to 


Dr. Bernard Kopelman 
Technical Director 

The Beryllium Corporation 
P.O. Box 1462 

Reading, Pennsylvania 
Telephone: WAlker 9-0781 
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Ajax Magnethermic supplies all types of Induction Melting Furnaces including: core, coreless, lift and 
automatic pouring. Vacuum melting and degassing applications are among their many uses. 60 cycle, 
motor generator, mercury arc converters, R. F. generators and the new 180 cycle Multiductor, all products 
of AM, are available as the power source. 


THE NEW NAME WITH THE FAMILIAR RING! 


Induction Melting Furnaces from 8 ozs. to 8 tons capacity, 
one of many product lines of AM, 
pioneer builder of induction heating equipment since 1920. 
GENERAL OFFICES 


BOF 639 
Youngstown 1, Ohio 


/s our only business” -gneth 


é j Trenton 5S, New Jersey 
r YOUNGSTOWN DIVISION 
CORPORATION 3990 Simon Foad 


Youngstown 1, Ohio 
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Thomas L. Carey has been named 
director of exploration and mining 
development for the Armour Agri- 
cultural Chemical Co., Atlanta, Ga 
steel- He has been mining consultant in 
making department of the French the Chicago office of the company 
Iron and Steel Research Institute since Sept. 1959 
(IRSID) has retired. He is succeeded 
by Bernard Trentini, formerly his 
assistant. Mr. Husson, who has been 
head of the steelmaking department 
since the Institute was begun in 
1947, will remain active with the or- 
ganization in a consulting capacity 


PERSONALS 


(Continued from page 764) 


Gabriel Husson, head of the 


Stephen D. Bechtel, president of the 
Bechtel Corp., has been selected as 
the 1961 recipient of the John Fritz 
Medal, which is awarded annually 
for notable scientific or industrial 
achievement in the engineering pro- 
fession. The award, established in 
of metal- 1902, is sponsored by ASCE, AIME, 

ASME, AIEE, and AICE. Mr. Bech- 


been associated with the 


Bruce Chalmers, professor 
lurgy at Harvard University, has 


been awarded the Albert Sauver tel has 
Achievement Award, sponsored by company which bears his name for 
the American Society for Metals 2 years 

LINDE 


in 
METAL JOINING RESEARCH 
SPEEDWAY ndranag INDIANA, rie enter for research in 


1 hot oas techn oy er mpassing work 
ystal we 


The plece 
high temperature moter 
torches 


The program New t f meta eing ught ina 
wick Tr ynderiying factors which affect the 
t rvcte tude stir ng 
tot ‘ welding processe 

The requirements f NA r PF with tr ex 

er ‘ rat but k Met roy, Pt 

Mert hE ngoineering Phy r Welding Eng ee 
Sidelights Highly worker rivet f temperature 

pline tstanding efit 


wit 


if interested send resume or write for further details 
W. C. Hollett 

LINDE COMPANY 
Division of Union Carbide Corporation 
Speedway Laboratorics 
Indionapolis 24, Indiana 


RESEARCH METALLURGISTS 


The continual expansion of our central Research Laboratories of- 
fers a rich opportunity for qualified professional metallurgists, MS 
Ph.D. The highly diversified product line of this established, pro- 
gressive corporation provides opportunity for company-sponsored 
metallurgical research of almost unlimited variety and scope. Per- 
sonal interest, initiative, and achievement are recognized in a work 
environment designed to maximize individual freedom and oppor- 


tunity 


Write, giving details of educational background and prior work 
experience to 


J. T. Jarman 


Assistant to Vice President 
in Charge of Research 


Allis-Chalmers Mfg. Co. 


Milwaukee 1, Wisconsin 


D. E. Stingel has been appointed 
works manager of Union Carbide 
Metals Co. He has been vice presi- 
dent of Carbide Powder Co., and 
production manager of Union Car- 
bide Olefins Co., since 1958 


John E. Jacobs has been elected vice 
president, steel operations, of Beth- 
lehem Steel Co 


Julian Glasser and William E. Few, 
formerly associated as consultants 
in chemical and metallurgical ac- 
tivities, are now associated as presi 
dent and vice president, respectively, 
in a new corporation, Chemical and 
Metallurgical Research, Inc., Chat- 
tanooga, Tenn 


W. V. Ward has joined International 
Nickel Co., as technical representa- 
tive in their Los Angeles office. He 
was formerly with Lockheed Air- 
craft Co 


METALLURGISTS—With 0 to 4 years 


experience for challenging research and 


te lopment programs nvolving bery! 

wm metal and beryllium alloys. Pre 
ect nclude ao property tudies 
rhe jevelopment, meta fabrication 
2nd process control work This is an 


pportunity to join a rapidly growing 


ndustry 
Send resumes in contidence to: 
Mr. R. M. Quimby, Personne! Director 
The Corporation 
P Box 1462 Reading, Pennsylvania 


METALLURGICAL ENGINEER 
FOR DEVELOPMENT 


met 


fucer 
a moter 
n ‘ 
Engineer 
T 
t eve ment me 
excellent wr 


perience 


wing 


henefticiation grinding * met on 
smelting eta ry 
Location: Eastern United stat 
Solary: pen 


Please submit resume ond salory re- 
quirements to Box 20JM. 


TECHNICAL DIRECTOR 
NON-FERROUS METALS 


anuta 
National multi-plont monutrac 
turer ho exceptional pportunity 


for metallurgical r chemical en 
yineer with PhD r MS. Degree 
ir 


ond ot teost 5 yeors experence 


non-ferrous metols 


Duties will involve direction f 
octivitic powdered meta! fe 

v pment technical service 
laborotory He will al assist 
ustomer m problems concerning 
application and use f o wide vor 

ty of powdered metals 

Our employees have been notified 
+ thy pening Submit c moplete 
resurme f education and experi 


ence. All replies held confidentia 
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Columbium flat-rolled steels 


Do you need a steel, to use in the “as rolled” condition? Or a steel which 
has high strength, good weldability, good formability? 

More and more manufacturers are turning to columbium flat-rolled steel 
products, for columbium sheet, strip or plate gives an answer to all of these 
requirements. 

Here are just a few examples of columbium steel’s wide versatility. Line 
pipe for gas and oil offers ease of manufacture with excellent physical 
strength. Trucks, automobiles, farm implements, trailers and railroad cars 
take advantage of strength and ease of formability. Pressure vessels utilize 
the deep-drawing qualities of the steel. These applications and many others 
tell the story of columbium steel’s versatility—and all with fewer rejects. 

In the face of mounting manufacturing costs, columbium steels offer hope 
of effecting economies in producing your products. Ask any steel company 
for they can make it. Or ask us—we have a wide experience in its uses and 
knowledge of its manufacture. 


4 Gateway Center CORPORATION OF AMERICA Pittsburgh 22, Pa. 


Offices. Pittsburgh, Chicago, Los Angeles, New York, Son Francisco 
Soles Representotives: Brumley. Donaldson Co., Los Angeles, Son Francisco 
Subsidiory Cleveland-Tungsten, Cleveland 
Pionts, Washington, Po., York, Po 


OCTOBER 1960, JOURNAL OF METALS—767 


TTTTTTTT TTT TTT 
fas? 
i Bae 
| 
q 
Age 
4 


. Pre-Engineering by KAISER ENGINEERS 
answers basic plant expansion questions... 


| imely : Many complex factors shape the final decision to proceed with your expan- 


sion plans and timing is an important one. Independent analysis of all aspects of your proposed 
program is the Pre-Engineering service offered by Kaiser Engineers. The studies and evaluations 
furnished by KE Pre-Engineering represent only one phase of total KE services. Kaiser Engineers 
designs and builds for the Stee! industry...offers skilled experience in all types of facilities from raw 
material plants to finishing mills. From Pre-Engineering through design and construction, Kaiser 
Engineers provides complete, one-company service and ingenuity based on years of experience. 
KAISER 
Oakiand 12. Calif Chicago. New York, Pittsburgh. Washington, 0.C 


\ires. Montreal, New Delhi, Ric de Janeiro, Sydney. Vancouver, Zurich 6228-5 
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Forgeable U-Mo ingots 


Stauffer-Temescal Co., has mark- 
edly reduced grain size in cast tung- 
sten and molybdenum ingot, thus 
substantially increasing the ductility 
and workability of these metals 
without impairing their strength 
characteristics. This was accom- 
plished by using a combination of 
electron-beam processing and criti- 
cal composition control. The same 
techniques have been successfully 
applied to the company's range of 
other ST(electron-beam processed) 
alloys, including those of columbium 
and tantalum-tungsten 

The high degree of purification 
and grain boundary refinement ob- 
tained by electron-beam processing 
has previously produced tantalum- 
tungsten and columbium alloys suf- 
ficiently ductile to be worked in 
conventional steel fabricating equip- 
ment. However, owing to the large 
crystal size, ingots of pure molyb- 
denum and tungsten still proved dif 
ficult to work and extremely brit- 
tle at room temperatures. The new 
modified tungsten and molybdenum 
ingots are readily workable in con- 
ventional equipment with a mini- 
mum of special treatment, and the 
finished products show considerable 
increased shock resistance 


New Re recovery process 


Kennecott Copper Corp. has de- 
veloped an improved and simplified 
process for the recovery of ex- 
tremely high purity rhenium com- 
pounds 

During the concentration step, the 
impurities contained in solution are 
selectively removed to produce a 
concentrated solution of high purity 
rhenium. The purified rhenium so- 
lutions may be processed further for 
the recovery of either high purity 
rhenium compounds or rhenium 
metal 


New Norton refractory 


Norton Co., has developed Crys- 
tolon 63 a high temperature refrac- 
tory product which is expected to 
have a wide application as a rel 
atively low cost structural ceramic 
It is said to be high in physical 
strength and resistance to attack by 
heat and molten salt. The product 
has been used experimentally as a 
lining in aluminum reduction cells, 
and test results indicate that wall 
thickness of the cell linings can be 
reduced up to 75 pct. Reportedly, 
substantially less electric power is 
required to operate the cell 

Crystolon 63 is a silicon carbide 
refractory bonded with silicon ni- 
tride. The material used to bond sil- 
icon carbide determines the limit 
of use of the refractory. Silicon ni- 
tride bonds are said to exhibit ex- 
cellent resistance to attack by fused 
salts 


He-Cooled furnace built 


National Research Corp., has de- 
veloped the first large helium-cooled 
vacuum arc furnace for the recovery 
of titanium scrap. Also suitable for 
handling other reactive and refrac- 
tory metals, the furnace provides 
improved operating safety for melt- 
ing and casting such metals and 
combines unique features of skull 
melting by permanent electrode with 
vacuum melting by consumable elec- 
trode 

The furnace’s helium gas cooling 
system replaces the more conven- 
tional and more hazardous water 
cooling normally employed. Single 
pours of up to 550 lb have been 
demonstrated 

Other reactive and_ refractory 
metals which appear promising for 
alloying and casting development in 
the furnace include columbium, tan- 
talum, molybdenum, and tungsten 

The furnace was developed by 
N.R.C. under contract for the Gen- 
eral Services Administration 


Ta element turnace 


A tantalum element vacuum resis- 
tance furnace that operates in the 
4200°F range and is said to be the 
largest unit yet constructed for braz- 
ing, sintering, and heat treating 
refractory alloys has recently been 
delivered to the Martin Co. It will 
be used by Martin for manufacturing 
research and production of missile 
parts, including brazing of high tem- 
perature honeycomb sections 

The new furnace utilizes a unique 
resistance element system that al- 
lows for expansion of the tantalun 
heating strips at elevated tempera- 
tures. This system consists of a series 
of serpentine-like heating elements, 
corrugated for additional strength 
and supported by shielded water- 
cooled copper posts 

No refractories are used inside the 
furnace chamber. Metal heat shields 
attached to the walls in “packs”, in- 
sulate the chamber and allow high- 
temperature, low-pressure operation 


New Zi-Ti fabricating plant 


Calumet & Hecla, Inc., is planning 
a new, $1.6 million facility at Ink- 
ster, Mich., for fabricating special 
metals Zirconium and _ titanium 
will be the first metals produced at 
the new center. The company has 
been producing products from zir- 
conium, titanium and other special 
materials such as tantalum, colum- 
bium, vanadium, molybdenum, be- 
ryllium, and chromium in a labora 
tory pilot plant for five years 

Initially the new plant will pro 
duce tubes with outside diameter 
up to 2% in. and rods with diame- 
ters up to 2 in. Later, additional 
finished forms may be added to the 
line. Full seale production is ex- 
pected to begin by Jan. 1, 1961. The 
company's Wolverine Tube div. will 
operate the new facility 


Cs-In-Rb research 


The US Bureau of Mines has 
cheduled research programs in 
rhenium, galliun indium, cesium, 
rubidium, and scandium during the 
1961 fiscal year, now underway 
The rhenium program will in- 
clude investigations of new sources 
of the element and development of 
techniques for the direct separation 
of rhenium from molybdenite by 
leaching 
Gallium research will be directed 
toward accurately determining den- 
sity data of pure gallium in the 
range of 30° to 400°C for use in other 
basic research on pressure-volume- 
temperature measurements of nat- 
ural gas and petroleum compounds 
The extraction and separation of 
cesium and rubidium from their 
ores, particularly pollucite, will be 
studied 
The commercial recovery of scan- 
dium from uranium plant solutions 
will be studied. The scandium pro 
duction potential of various uranium 
mills will be investigated. Studies 
using a radioactive isotope of scan- 
dium will be undertaken to find 
suitable extractants 
The Bureau will attempt to de- 
velop processes for recovering nickel 
ind cobalt from laterite ores 


Oxygen plants slated 


Linde Co., will build two oxygen 
plants, one near the Houston Ship 
Channel, and the other at Pueblo, 
Colo., The Houston plant will be 
built for the Sheffield div., of Armco 
Steel Corp. Linde will supply the 
plant with 100 million cu ft per 
month of oxygen. The plant at 
Pueblo will supply Colorado Fuel 
and Iron Corp., with 200 million cu 
ft of oxygen per month 


Gas alloying steel process 


Lee Wilson Engineering Co. Inc., 
has deve loped a gas alloying process 
for varying the chemistry of fin- 
ished, flat rolled steel 
The company’s engineers success- 
ully opened a coil of steel and 
andled it in the open condition 
during annealing. A nylon cord or 
corrugated metal tape was inserted 
between each lamination of the coil. 
spacing the layers of steel. Hot gases 
were directed at high velocities 
through the spaces, heating the coil 
thoroughly and uniformly in a frac- 
tion of the time required for conven 
tional batch annealing 
The company states that it is now 


economically feasible to add or re- 


move carbon, nitrogen, and other 
alloving elements that can be gasi- 


fied in the annealing cycle and 
change the chemical composition of 


the steel 


Oxygen converter process 


National Steel Corp. will install 
what are believed to be the world’s 
largest furnaces for making steel by 
the oxygen converter process at its 
plant in Detroit 

The company will award contracts 
for two vessels, each rated to pro- 
duce 250 tons of steel per heat. After 
contracts are awarded, completion 
s expected in 18 months, probably 
by mid-1962 

The new furnaces, which will have 
a combined capacity of two million 
ingot tons of steel per year, will 
partially replace the plant's existing 
open hearth capacity, currently rated 
at 3.7 million ingot tons a year. The 
company will retain all 17 of its 
existing open hearth furnaces for 
operation in periods of increased 
demand for steel 

The rated capacity of the Detroit 
plant is expected to be increased to 
4.2 million ingot tons per year 


The new converters will be bottle- 
shaped vessels made of heavy steel 
plate. They will be 29 ft high with 
a refractory lining as much as 3 
ft thick. They are expected to give 
more uniform control of quality, 
and greater elasticity of product 
specifications 


Kaiser refractories record 


Kaiser Refractories & Chemicals 
div. has announced that its new line 
of tar-bonded refractories has es 
tablished a new record of 30,62 
tons of steel made in 277 heats dur- 
ing a recent campaign This 
amounted to an average of 110.5 
tons of steel per heat. There was re- 
portedly only a modest comsump- 
tion of maintenance material during 
the campaign 

The company will build a half- 
million dollar plant at Columbiana, 
Ohio, for the manufacture of special 
refractories required in the bask 
oxygen steel making process. The 
new plant, to be built next to the 
company’s basic refractories plant 
is expected to be in operation by the 
first of the year. The plant will pro- 
duce a product similar to that pro- 
duced at the company’s Moss Land- 
ing, Calif., facility 

Raw materials for making the spe- 
cial tar-bonded refractories consist 
of sized deadburned dolomite and 
periclase, a dense crystalline form 
of magnesia. Dolomite from _ the 
East will be used, and the periclase 
will be furnished by the Midland, 
Mich., plant 

Equipment will consist of a spe- 
cially designed press, rotary heaters 
and a mixer where the periclase and 
dolomite are combined with heated 
tar and then pressed into brick. Af- 
ter pressing, the brick is cooled and 
palletized with moisture proof pro- 
tection 
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LECTROMELT-DEMAG 


New highs in efficiency, economy and safety with 


a LECTROMELT-DEMAG electric smelting furnaces 


: The advanced design of the Lectromelt-Demag smelting nace controls are mainly mechanical or automatic, with 
; furnaces assures you of the highest electrical and thermal provision for remote control 
E efficiency. For example, electrical losses in the electrodes To this efficient Demag design, Lectromelt brings its 
: experience in engineering and quality workmanship. The 
are minimized by low-level electrode clamps. Hydraulic F q 

: result is unmatched economy and dependability in all 
5, compression of contact clamps provides uniform pressure, 
smelting applications 

di 

: preventing distortion. For help in adapting electric furnaces to your require- 
ee Ease of operation gets similar attention. All operations ments. contact Lectromelt Furnace Division, McGraw- 


are planned for handling by semi-skilled operators. Fur- Edison Company, 326 32nd Street, Pittsburgh 30, Pa. 
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Contents of the October 1960 TRANSACTIONS 


Kinetics of Exchange Reactions Between Liquid Bismuth-Rare Earth Alloys and Fused Salts—H. M. Katz, 
F. B. Hill, and J. L. Speirs 

The Behavior of Composite Silver-Alumina Alloys above the Melting Point of Silver—H. R. Peiffer 

Effect of Stress Upon the Recovery and Effect of Negative Strain Upon the Yield Point of Zinc Single 
Crystals—James V. Rinnovatore and Norman Brown 

High-Temperature Short-Time Creep of Graphite—H. E. Martens, L. D 

Dispersion-Hardening in Binary Titanium-Copper Alloys—D. N. Williams, R. A. Wood, H. R. Ogden, and 
R. I. Jaffee 

High-Temperature Slip in Tungsten—-Sam Leber and J. W. Pugh 

Measurement of Kirkendall Effect in the Iron-Chromium System—-H. W. Paxton and E 

The Deformation of Unalloyed Titanium Sheet as Function of Orientation and Strain Rate—C. P. Gazzara 
and E. P. Klier 

Rates of Growth of Cementite in Hypereutectoid Steels—R. W. Heckel and H. W. Paxton 

Identification of Chi and Sigma Phases in Stainless Steel with the Electron Probe Microanalyzer 
Birks, J. M. Siomkajlo, and P. K. Koh 

The Effect of Oxide Microstructure on the Oxidation Kinetics of Cu-Ni-Mg Alloys—J 
Bendel, and C. H. Li 

Precipitation Processes in Copper-Rich Copper-lIron Alloys—A. Boltax 

The Aging Characteristics of the Ti-13V-11Cr-4Al Alloy—R. A. Rawe, J. M. Dupouy, and M. B. Beve: 

The Absorption and Effusion of Hydrogen in Alpha lIron—-D. C. Carmichael, J. R. Hornaday, A. E. Morris 


and N. A. Parlee 
The Role of Stress in Hydrogen Induced Delayed Failure—F. A. Steigerwald, F. W. Schaller, and A. R. Tro- 


Jaffe, and D. D. Button 


J. Pasierb 


L. S 


A. Sartell, S. H 


lano 

The Effect of Hydrogen on the Mechanical Behavior of Aged Alpha-Beta Titanium Alloys—R. A. Nadler 
and D. L. Day 

Structure and Properties of Titanium-Rich Titanium-Nickel Alloys—J. W 
gart, and J. Gordon Part 

The Effect of Chromium on the Activity of Sulfur in Liquid lron—N. R. Griffing and G. W. Healy 

Yttrium-Nickel System—B. J. Beaudry and A. H. Daane 

Cobalt-Rich Ternary Alloys with Tin and Carbon—L. J. Huetter, H. H. Stadelmaier, and W. K. Hardy 

The Stress-Induced Ordering Internal Friction of lron-Rich Alloys of lron and Aluminum—J. C. Shyne and 
M. J. Sinnott 

Rare-Earth Compounds with the MgCu. Structure—J. H. Wernick and S. Geller 

Deformation Modes of Zirconium at 77°, 575°, and 1075°K-—F. J. Rapperport and C. S. Hartley 

Influence of Processing Variables on the Properties of Nickel-ALO, Alloys—Laszlo J. Bonis and Nicholas 
J. Grant 

The Effects of Stored Energy and Recrystallization on the Creep Rupture Properties of Internally Oxidized 
Copper-Alumina and Copper-Silica Alloys—-Masao Adachi and Nicholas J. Grant 

The Carbon-Oxygen Equilibria in Liquid lreon—Tasuku Fuwa and John Chipman 

Hydrogen Precipitation of Nickel from Buffered Acid Solutions—S. C. Sircar and D. R. Wiles 

Mechanical Properties of Tantalum Metal Consolidated by Melting—M. Schussler and J. S. Brunhouse, Jr 

Phase Relationships in the Systems Fe-Pb-Ni, Fe-Ni-C(Sat), and Fe-Pb-Ni-C; 1300° to 1550°—K. O. Mil- 
ler and J. F. Elliott 

The Tantalum-Rhenium System—J. H. Brophy, P. Schwarzkopf, and J. Wulff 

Growth Behavior of Cube-Oriented Secondary Recrystallization Nuclei in High-Purity Silicon Iron—J 
Walter and C. G. Dunn 

Recovery of the High-Temperature Creep Properties of Polycrystalline Aluminum—wW. D. Ludemann, L. A 
Shepard, and J. E. Dorn 

The Interface Temperature of Two Media in Poor Thermal Contact—G. Horvay and R. H. Edsall 

Dihedral Angle Measurement—oO. K. Riegger and L. H. Van Vlack 

Some High-Temperature Properties of Copper-Chromium High-Conductivity 
and Pierre P. Taubenblat 

Elevated Temperature Properties of Lithium-Fluoride and Magnesium-Oxide Single Crystals—W. L. Phil- 
lips, Jr 

Recovery Properties of Lithium-Fluoride Single Crystals—W. R. Phillips, Jr 

Surface Tension and Contact Angles of Copper-Nickel Alloys on Titanium Carbide—T. J. Whalen and M 

Humenik, J1 


Barton, G. R. Purdy, R. Tag- 


L 


Alloys—Matti J. Saarivirta 


Technical Notes 
Crystallographic Angles for Magnesium, Rhenium, Ruthenium, Zinc, and Cadmium—Alan Lawley 
Intermediate Phases with the MgCu. Structure—S. E. Haszko 

The Influence of Hydrogen on the Lattice Parameters of Ti-Sn Alloys—A. Coucoulas and H. Margolin 
Crystallographic Angles of Calcium Tungstate (Tetragonal, c/a = 2.169)—K. Nassau 

Corrections to Volume 218 
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the new Leitz MICRO-METALLOGRAPH 


engineered specifically for modern industry 


Availability of a Le Chatelier type LEITZ MICRO-METALLOGRAPH has been eagerly awaited by 
industrial scientific laboratories. With this new instrument, precise details of metallurgical speci 
mens may be viewed simultaneously on the 30” projection screen as well as through the binoc- 
ular observation tube. The newly-developed, powerful XENON lamp provides ample illumination 
to permit observation in a normally lighted room. Photomicrography of specimens is quickly 
and easily accomplished with pre-aligned 5” x 7” camera or, if desired, a Polaroid-Land 4” x 5” 
camera back. Engineered specifically to meet the needs of the modern, metal working industry 
the new LEITZ MICRO-METALLOGRAPH “sets a new standard for metallurgical observations.” 


@ Inverted microscope stand with mechanical stage, coarse and fine focusing 

@ Xenon lamp with 7 filters in push-button, quick-change mounts 

e Eye pieces with 30% wider field, in binocular tube 

e New, “Plano,” flat-field objectives from 3.2 to 160x 

@ Projection and viewing screen in cast housing, 30” diameter 

Special 5”x7” camera with adaptor for attaching Polaroid-Land 4” x5” camera back 


See this new instrument at the National Metal Exposition, Cleveland (Ohio) Public Auditorium, booth number 
1326, North Exihibit Hall, Oct. 27-31. 
€. LEITZ, INC 
SCHMIDT & HAENSCH DIVISION 
Seitz 468 PARK AVENUE SOUTH, NEW YORK 16, N. Y. 
= Please send me additional information on the new MICRO- 
METALLOGRAPH, Mode! MM 


FIRST IN PRECISION OPTICS 


Street 


©. (NC., 4686 PARK AVENUE SOUTH. NEW YORK 16. 


Wetzriar Ge Ernst Canada tta 


LEICA CAMERAS LENGES FROVJECTORS MICROSCOPES BINOCULARS 
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Of. RE.59.2 
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The unusual properties of this new rare earth metal 

may expedite your nuclear energy applications: 

© Excellent ductility and malleability, with more than 95% 
reduction in cross-section through cold-rolling 

* low oxygen contamination, can be less than 500 ppm; rare 
earth impurities nil 

High neutron transparency. 

. High melting point 


* Can be fabricated into intricate and involved shapes. 


Michigan Chemical can now provide immediate de- 
livery of yttrium metal in developmental quantities. 
For further information, contact our Rare Earths 
and Thorium Division in Saint Louis, Michigan. 


RARE EARTHS AND THORIUM DIVISION 


MICHIGAN CHEMICAL 
CORPORATION 


659 North Bonkson Street, Saint Louis, Michigan 


PRA MIUM NE MIUM SAMARIUM EUROPIUM 
GA NIUM TERBIUM DYSPROSIUM HOILMIUM 
ERBIUM © THUUIUM YTTERBIUM (UTETIUM YTTRIUM 


a new book 


of special interest to the 
nuclear metallurgist .. . 


published under the sponsorship of 
The Metallurgical Society of AIME 


Extractive and 
Physical Metallurgy 
of Plutonium 

and its Alloys 


The Proceedings of a Technical Sym 
posium sponsored by the Nuclear 
Metallurgy Committee of the Insti- 
tute of Metals Division, and the Ti- 
tonium, Uranium, and Uncommon 
Metals Committee of the Extractive 
Metallurgy Division, The Metallurgica! 
Society of AIME. San Francisco, Feb- 
ruary 16-17, 1959 
Edited by W. D. WILKINSON, 
Argonne National Laboratory 
The addition to these Proceedings 
of an introductory chapter on the 
metallurgy of plutonium and of an 
extensive annotated bibliography has 
mode this volume of even greater 
value to metallurgists working in this 
particularly important field. Mr. Wil 
kinson both edited the Proceedings 
and provided the new material 


CONTENTS 


Introduction to 
Plutonium Met 
allurgy 


EXTRACTIVE 
METALLURGY 


@ Alternative 
e 
Conversion 
of Plutonium | = 
Salts to 
Metal and 
Their 
Recovery 
Problems 
@ Colcium 
Reduction 
of Plutonium 
Halides to 
Metal 
Preparation of Metallic Plutonium 
Distribution of Plutonium and Se 
lected Impurity Elements between Ni 
trate Solutions and Tri-n-buty! Phos 
phate 
@ The Preparation of Plutonium Halides 
for Fused Salt Studies 
@ Removal of Fission Product Elements 
from Plutonium by Liquidetion 
PHYSICAL METALLURGY 
@ Some Principles of the Alloying Be 
havior of Plutonium 
@ The Plutonium-Cerium Diogram 
@ Plutonium-Zinc Phase Diagram 
@ Metallography of Alpha Plutonium 
@ The Etching of Plutonium and Its Alloys 


by Cathodic Bombardment 
A Study of the Transformation Kinetics 
of Alpha, Beta, and Gamma Plutonium 
Some Experiments in Zone Refining 
Plutonium 
Behavior of Some Delto-Sotilized Plu 
tonium Alloys at High Pressure 
Annotated Bibliography 

324 pages, illustrated $10.50 


through your bookseller or 


INTERSCIENCE 


PUBLISHERS 
250 Fifth Avenue, New York | 
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John Chipman Past-President 
j Smort, Jr Vice President 
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R. W. Shearman Secretory 
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K. L. Fetters H. Scoff 

J. J. Golden W. Schiechten 
W. J. Horris, Jr Schuhmann, Jr 
J. H. Hollomon D. Sullivan 


SOCIETY PUBLICATIONS COMMITTEE 


D. J. Carney, Chairman 
Hollomon D. L. McBride 
Jackson W. O. Philbrook 
Kellogg J. S. Smart, Jr 
King R. L. Smith 
Langenberg J. D. Sullivan 
F. L. Vogel 


Advisory Subcommittee 


KH. Jackson, Chairmon 
Carney H. H. Kellogg, /r 
Elliott A. E. Lee, Jr 
Freemon, Jr Morgan 
Gonser Paine 
Hanowa'lt Reod 


Horwood Shaler 


editorial 


An Empirical Art? 


There exist prevalent beliefs that the only way to find ore- 
bodies is by prospecting in the field; the only way to discover 
a means of concentrating a particular ore is to test it by 
certain ore-dressing procedures; and the only way to extract 
a pure metal from a mineral concentrate is to test various 
schemes which have worked on other materials. A hundred 
years ago, these beliefs were correct for the vast majority 
of problems to be solved. Today, many of the problems in 
ore extraction are still solved by such empirical techniques, 
but the difficult and important problems yield only to the 
approach through basic science 


There should be no need to justify the approach to engineer- 
ing problems through understanding the scientific bases of the 
phenomena involved. Nuclear power and the transistor are 
recent notable examples of the power of this method. Yet, in 
the field of ore extraction, tradition dies hard, and tradition 
has labelled the field an empirical art. While most people 
would be willing to admit that the prospector may be aided 
by certain basic principles of geology, and the extractive 
metallurgist by a general knowledge of chemistry and physics, 
very few people realize that this is no longer enough to solve 
the crucial problems of today 


There is a need for a sweeping revision of our concept of 
research on ore supply and extraction, and the new concept 
must be made understandable to all. The revised concept is 
simply stated: Important advances in geologic prospecting, 
ore dressing, and extractive metallurgy must be built on the 
results of fundamental research on, for example, the geo- 
chemistry of mineralization, the surface chemistry and physics 
of flotation, and the high-temperature inorganic chemistry of 
metals, metallic compounds, and their solutions 


Graduate study in ore dressing and extractive metallurgy 
fails to attract the number and quality of students and in- 
structors needed to revitalize these disciplines. The science- 
oriented student chooses physical metallurgy in preference 
to extractive metallurgy because he sees only the empirical- 
art aspect of the latter field, and because financial support of 
project research is more available in physical metallurgy 


Science-oriented research in these fields is not an entirely 
novel concept that we must encourage to grow from the 
beginning. It has been well established in half a dozen 
graduate schools throughout the United States over the past 
20 years, and also in some of the more advanced industrial 
research laboratories. The nucleus for growth of the concept 
is well established. It only remains to create the condition for 
more rapid growth 


HERBERT H. KELLOGG 
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NUCLEAR METALLURGY VOLUME VII 


Metallic Moderators and Cladding Materials 


Containing papers presented at the Symposium 
sponsored by the Nuclear Metallurgy Committee, Institute of Metals Division 
during the 1960 Fall Meeting 


Contents 


Fabrication and Evaluation of Zircaloy-2 and Zircaloy-4 Tubing by R. C. Aungst, K. M. Haws, 
Used to Clad Uranium Dioxide and Aluminum-Plutonium Fuel and P. L. Farnsworth 
Mechanical Behavior of Cold Worked Nuclear Grade Zircaloy-2 Tubing by H. H. Klepfer and C. N. Spalaris 
Creep and Corrosion Behavior of Some High Strength Zirconium Alloys by D. L. Douglass 
Zirconium Alloys for Cladding High Temperature Fuel Elements by R. K. Wagner, H. E. Kline, 

and D. I. Sinizer 
Fabrication and Mechanical Properties of Aluminum Powder Metallurgy Products by E. G. Kendall 

and W. H. Friske 
A Review of Metal Hydrides for Nuclear Reactor Applications by W. M. Mueller and J. P. Blackledge 
Physical Properties of Yttrium Hydride by E. S. Funston 
The Zr-H System by J. B. Vetrano and D. F. Atkins 
Mechanical Properties of Zirconium Hydride by W. M. Mueller and R. L. Beck 
Compatibility of Zirconium Hydride and Carbon Dioxide by H. E. Shoemaker 
Cladding of Delta-Phase Zirconium Hydride by E. S. Hodge and S. J. Paprocki 


Price to members: $5.00 Nonmember price: $7.00 


Purchase your copy of Volume VII at the Registra- 
AIME, 29 W. 39th St., New York 18, N. Y. tion Desk during the Fall Meeting at the Sheraton 
Hotel. 


Please send me a copy of Nuclear Metallurgy 
Volume Vil) 
| am a member of AIME; please bill me. 


Enclosed is @ check or money order fer $ Volumes | through 6 are also available. They may 


be ordered by mail or at the Registration Desk. 
Name 


Address Price List 


City and Zone State $3.75 (Members: $2.50) 


Foreign nonmembers add 50¢ for postage. 
(Mail orders will be filled after October 25) eggs apeipeecie 
$7.00 (Members: $5.00) 
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Heat-treating problem? 


Profit from the experience of these users 


Each of these users had a heat-treating problem. Their 
problems were different, yet they all took the same 
first step toward a successful solution. They consulted 
a Hevi-Duty Sales Engineer . . . wisely. 

A Hevi-Duty Sales Engineer is a specialist. He is 
qualified to recommend equipment for an entire heat 
processing system — does it nearly every day. And 
when it comes to specifying equipment, he has no ax to 
grind. He doesn’t have to push any special size or 
type. Hevi-Duty makes them all — electric or fuel- 
fired, all sizes, all temperatures. And if none of these 
fit exactly, Hevi-Duty will quickly adapt or design a 
unit that will. 


If you have a heat-treating problem, be sure to call 
in a Hevi-Duty Sales Engineer. He'll be glad to come 
in without obligation and you will probably profit from 
his recommendations. 


B 


Electric and Fuel-Fired 
Industrial Furnaces and Ovens 


Hevi-Duty Electric Company, Milwaukee 1, Wis. 


A Division of 
Basic Products 
Corporation 


This immersed electrode salt bath furnace is used at Clevite 
Research Center, Cleveland. It has a steel pot for low 
temperatures and a ceramic pot for temperatures up to 
2300°F. The furnace is mounted on casters and coupled 
with a transformer so that it may be used for experimental 
work anywhere in the shop. Please write for Bulletin 655. 


This Hevi-Duty Shaker Hearth Furnace proved to be the 
profitable answer for Fred Heinzelman & Sons, a New 
York City commercial heat treater. Small parts are fed 
onto the hearth and progress through heat and quench 
cycles automatically. Switching to a shaker eliminated jig 
and wire time and increased production from 20 to 60 
pounds an hour. In addition, the uniform quality of the 
work has eliminated rejects. Please write for Bulletin 1057. 


Ken Ireland, Ireland Heat Treating Company, Orange, 
Conn., reports a 50 percent reduction in operating costs 
since switching to this Hevi-Duty Gas-Fired Clean-Line 
Automatic Heat Treat Unit. One of its jobs is hardening 
410 stainless steel knife blades. Knives come out straighter 
and brighter, with a more consistent hardness than pre 
viously achieved. For information request Bulletin D-100. 
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“Project Echo" satellite went into 
@ near-perfect circular orbit 1000 
miles high, circling the earth once 
every two hours its orbital path 
covered all parts of the U.S 


FIRST PHONE CALL VIA 
MAN-MADE SATELLITE! 


BELL TELEPHONE LABORATORIES BOUNCES VOICE OFF SPHERE 
PLACED IN ORBIT A THOUSAND MILES ABOVE THE EARTH 


Think of watching a roval wedding in Europe by live TV. 
or telephoning to Singapore or Caleutta hy way of outer- 


space satellites’ A mere dream a few years ago, this idea 
is now a giant step « loser to reality. 

Bell Telephone Laboratories recently took the step by 
successfully bouncing a phone call between its Holmdel, 
N. J., test site and the Jet Propulsion Laboratory of the 
National Aeronautics and Space Administration (NASA) 
in Goldstone, California. The reflector was a 100-foot sphere 
of aluminized plastic orbiting the earth 1000 miles up. 


Dramatic application of telephone science 


Sponsore d by NASA, this dramati experiment known as 
“Project Echo” 
its fulfillment 


relied heavily on telephone lence for 


® The Delta rocket which carried the satellite into space 
was steered into a precise orbit by the Bell Laboratories 
Command Guidance System. This is the same system which 
recently guided the remarkable Tiros | weather satellite 


into its near-perfect cire ular orbit 


® To pick up the signals, a special horn-reflector antenna 
was used. Previously perfected by Bell Laboratories for 
microwave radio re lav. it Is virtually Tmmune to common 
radio “noise” interference. The amplifier—also a Labora- 
tories development —was a traveling wave “maser” with 
very low noise susceptibility. The signals were still further 
protec ted from noise by a Spent ial FM receiving tec hnique 
Bell Laboratories 


invented at 
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“Project Echo” foreshadows the day when numerous 
man-made satellites might be in orbit all around the earth, 
acting as 24-hour-a-day relay stations for TV programs 
and phone calls between all nations. 

This experiment shows how Bell Laboratories, as part 
of the Bell System, is working to advance space communi- 
cation. Just as we pioneered in world-wide telephone seryv- 
ice by radio and cable, so we are pioneering now in using 
outer space to improve communications on earth. It’s part 
of our job, and we are a long way toward the goal. 


Giant ultra-sensitive horn-refiector antenna which received signals 
bounced off the satellite. it is located at Bell Telephone Laboratories, 
Holmdel, New Jersey 


& BELL TELEPHONE LABORATORIES 


ORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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_ HAMLER 


Spencer Chemical Com- Cryogenerators, Inc. De- Hamler Lewis, Ltd., Divi- Anco Division, Flint Steel 
pany. Sole producers and signers and fabricators of sion of Hamier Industries, Corporation. Suppliers of 
sole suppliers to Hamler Cryogenic Processing Inc. Regional sales, leas- 100% x-rayed and stress re- 
Industries of 99.999% pure Equipment tor the produc- ing and servicing facilities lieved ammonia storage 
Metal Treating grade an- tion of pure hydrogen from for Norelco Hydrogen Gen- tanks—prefabricated for 
hydrous ammonia. anhydrous ammonia erators fast, efficient installation. 


Hamler Industries provides a new single coordinated service to users of pure 
hydrogen and Metal Treating grade ammonia, that can produce savings up 
to 50% in the over-all operation. You are invited to write for full particulars 


HAMLER INDUSTRIES, INC. 


400 East 16th Street, Chicago Heights, Illinois 
Distributing Stations: Chicago, Illinois, Detroit, 


Michigan, Pittsburgh, Pennsylvania, Cleveland, 
Ohio, Dayton, Ohio, Somerville, New Jersey 


OCTOBER 1960, JOURNAL OF METALS—779 


| 
announcing 4 new... 
— 
4 
£9 
4 
hs 
INDUSTRIES 
/ 
= LEWIS LTD] 4 
: 
4 
> 
3 
g 


BERYLLIUM RESEARCH IN MISSILE 


DEVELOPMENT 


Recent accelerated activity in beryllium research is reflected in the new 
The author presents a 


use for the metal in mi 


by Clayton O. Matthews 


After several years of applications development, 
common metals—beryllium—has 
qualifying as an engi- 


another of the le 
progressed considerably in 
terial. Structural and physical property 


neering mi I 
the reliable design of 


data are being obtained for 
elected flight structures for missiles, earth satel- 
Concurrently, studies of bery]l- 
lium physical metallurgy and fabrication develop- 
ment have further increased confidence in its use 
and future potential. Utilization of beryllium metal 
in flight-vehicle structures has been pioneered by 
the Missiles and Space Division (LMSD) of the 
Lockheed Aircraft Corporation. When the present 


have been more completely realized 


lites, and spacecraft 


undertaking 
it is expected that the metal will be adopted more 
generally by the aerospace industry. The kind of 
information being obtained and some recent con- 


tributions of interest to metallurgists are reviewed 


in this discussion 
Although beryllium has been suggested occasion- 

ally for aircraft use during the past 25 yrs. it was 

not until the last decade that there wa sufficient 


neentive to encourage the production of the metal 


and research on its properties. Thi technology, in- 
tially inspired by non-structural nuclear reactor 


interests, was complemented in the last several 
years by more demanding engineering requirements 
in nuclear fuel elements and as rospace vehicles 
When this growth pattern is considered. it is ap- 
parent that initial product specifications—namelv. 


f 


r moderator-grade beryllium free from high 
cross-section neutron-absorbing elements—have 
little bearing on what j desirable for obtaining the 
optimum physical properties required in structures 
New space-age structural interest inspired met- 
lurgists in a renewed search for sufficient scien- 
tific and technical understanding to provide im- 
le-quality 


proved formability and toughns in mi 
ha hown 


beryllium. Unfortunately, experience 


that further improvement of the brittle characte 


of this metal may be difficult to attain even with 
the most imaginative and diligent scientific re- 
earch. Numerous promising approaches await svs- 
tematic and concerted treatment 

Low ductility the prime deterrent to extensive 
use of beryllium in missiles and spacecraft. How- 
ever, designers have compromised on t} point in 


CLAYTON O MATTHEWS is a staff scientist in the LMSD 
Scientific Research Laboratory of the Lockheed Aircroft Corpora 
tion, Palo Alto, Calif. This paper was originally presented ot the 
AIME Southwest Metals and Minerals Conference in Los Angeles 
in April, 1960 
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ile and space vehicles 
lucid account of the current achievements in the field of beryllium research. 


many instances in order to exploit the outstanding 
advantages of beryllium’s exceptional modulus 
of elasticity, low density, elevated-temperature 
strength, and thermal properties. These properties 
can be appreciated by visualizing a metal having: 
the weight of magnesium, the stiffness of molyb- 
denum, an elevated-temperature strength (weight 
basis) exceeding titanium, the oxidation resistance 
of aluminum, and total heat absorption to melting 
6.5 times that of copper. Such a metal is uniquely 
suited to the environments of: flight in air or space, 
thermal effects in re-entry, efficient structural load- 
ing, and the radiation environments of nuclear re- 
actors and outer space. Material properties such as 
these are very attractive to the missile designer and 
beryllium seems to fulfill his needs except for its 
fracture behavior. This particular aspect of beryl- 
lium especially deserves concentrated research ef- 
fort 
With stringent application of structural me- 
chanics, aeronautical engineers are finding that im- 
portant missile components can be made from a 
low-ductility material, particularly if it exhibits 
considerable ductility at elevated temperatures. It 
is now known that the brittleness at ordinary tem- 
peratures can be alleviated by control of grain size 
and texture, composition, and heat-treatment con- 
dition in accord with traditional metallurgy. Thus. 
a degree of metallurgical confidence has arisen. 
which is reassuring since new metals are mysterious 
and suspect in a way which retards their full utiliza- 
tion 
Surprisingly little metallurgical effort has been 
expended on developing beryllium with improved 
fracture and impact properties at ordinary temper- 
atures In comparison with that expended on any one 
of the specialized aircraft alloys based on aluminum. 
magnesium, titanium or steel 
The remarkable potential of beryllium for flight 
applications awaited an appreciation of its strategic 
importance in the exploration of space. Frequently 
quoted causes for delayed development have been 
scarcity, cost and toxicity, all of which are con- 
sidered irrelevant reasons for delaying research and 
development of a strategic material. More wide- 
spread metallurgical experimentation with beryl- 
l has been deterred particularly by: 1) delayed 
appreciation of the metal’s thermal-structural po- 
tentialities; 2) limited availability of laboratories 
as a result of inadequate facilities for safe handling: 
3) major research support from sources that per- 
only applications research and evaluation: and 


UlT) 


mit 
4) hesitation by metallurgists who have considered 
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earlier indications of the “inherent brittleness” of 
beryllium as final, without realizing that only mod- 
est improvements in fabricability and room-tem- 
perature ductility are required and appear feasible 


Flight structures 


G. A. Hoffman’ evaluated beryllium for aircraft 
and concluded that structural panels designed eithe: 
by buckling or tension criteria weigh less than half 
as much as those made of conventional materials 
at both normal and elevated temperatures. This is 
based on the thought that a suitable product was 
available for such panels. In an economic analysis 
Hoffman determined that if beryllium could be used 
in transport aircraft, it would yield a significant 
savings per ton-mile of cargo—possibly to a cost 
of about $600 per lb of installed metal, well above 
manufacturing expectations 

In a comparison of structural advantages of ma- 
terials, strength/weight factors alone are inade- 
quate; the modulus of elasticity must also be 
considered. A realistic comparison can be made 
correctly based on the optimum design of a thin- 
walled structure designed by buckling criteria, such 
as a sheet-stiffener panel, where a typical loading 
is resolved as compression, shear and bending. This 
technique was used by Hoffman and by Riedinger 
and Foster* for comparing conventional materials 
up to 650°C as shown in Fig. 1. The weight was 
determined after optimizing a typical multi-web 
fin configuration for typical loading of Q 2,220 
lb per in. for the materials at given temperature 
The data illustrate the weight reduction realized 
by using beryllium. 
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Fig. 1—Comparative relative weight of structural materials based 
on optimum design 

Applying this weight advantage to a 2-stage bal- 
listic re-entry application’ shows that each pound 
saved in the final payload section reduces the total 
weight of the vehicle by 42 lb. Similarly, in a 3- 
stage, liquid-propellant lunar-rocket application 
with a 1000-lb payload, a beryllium structure for 
the third stage would weigh about one-third as 
much as a steel structure and the total take-off 
weight is reduced by 210,000 Ib, or 21 pct. Either the 
technical and economic advantage could be taken by 


this reduction, or the payload weight increased by 
26.7 pet 

Based on a criteria of strategic importance and 
feasibility, it appears that emphasis on the use 
of beryllium structural components should be con- 
sidered progressively in the following areas: 1) 
relatively simple shapes for missile payload sections, 
satellites, re-entry capsules, and spacecraft; 2) body 
structures, brackets, actuators, and equipment com- 
ponents in missile upper stages; and 3) transport 
aircraft structures. Until the brittleness problem has 
been resolved and test programs completed on de- 
sign data, it is not certain to what extent beryllium 
will qualify as an acceptable structural material 
for the more complex configurations. The industry 
is presently engaged in the early stages of such a 
program from the standpoints of both structural 
evaluation and material development. Considerable 
success has been had in the first area. 


LMSD projects 

Earlier in the Lockheed program, several explor- 
atory projects were jointly conducted with sub- 
contractors on material development. Electron beam 
melting vielded ingots of good quality with reduc- 
tion to sheet vielding a recrystallized product with 
properties presently at the low range for compara- 
ble sheet originating from powder. The preparation 
of pellets from quenched molten metal for subse- 
quent consolidation appeared feasible. Direct roll- 
ing of powder produced a bendable sheet due 
largely to about 5 pet porosity which exhibited low 
tensile strength. Hot isostatic pressing of small 
cvlinders has been demonstrated and typical prop- 
erties obtained. Only the development projects di- 
rectly applicable to current engineering component 
requirements are being conducted further 

Metallurgical research at Lockheed has been con- 
cerned with program direction, data searching’, 
laboratory evaluation of products, property deter- 
minations, and general metallurgical investigations 
Structures and test personnel have conducted ex- 
tensive test design purposes, The 
metallurgical and property studies will be high- 
lighted in the remainder of this review. Such other 
as fabrication and 


necessary for 


important beryllium activities 
component development, environmental testing, and 
flight testing cannot be discussed at this time 


Electron bombardment melting 

A technique for producing ingots 3 in. in diameter 
and up to 20 in. in length under high vacuum con- 
ditions by electron bombardment was successfully 
developed’ and more than twenty ingots have been 
made in various experiments. A section of a typical 
ingot is shown in Fig. 2 in which the dendrites, 
curving from edge to center of the ingot, are sec- 
tioned across the smaller ingot dimension. Superior 
grain structure and machinability for cast beryl- 
lium was obtained along with freedom from ingot 
defect The tensile strength, however, remained 
typically low for cast metal at about 20,000 psi 
with 0.1 to 0.2 pct elongation. Pechiney electrolytic 
beryllium is appreciably softer (R, 65) than con- 
ventional induction-meited pebble (R, 80) after 
electron bombardment processing (Table I). Puri- 
fication occurs with more volatile elements Mg, Al, 
Si. while the more serious and abundant contam- 
inants the interstitial elements C, O, N, H and the 
iron-group elements Fe, Ni, Mn, Cr are relatively 
unaffected. The oxygen content decreases, however 
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Fig. 2—-Cross section 
of electron-bombard 
ment melted, drip 
cast beryllium ingot 
3 in. in diam 


by segregation at the ingot surface. In addition to ob- 
improved cast ingots, a method has been 
beryllium from a 


taining 
demonstrated for consolidatin 
future uper purity ource without contamination 
In electron-bombardment melting experiment 
t was found that reduction 
ineffective 


involving composition 
of oxveen by carbon addition was 
flake containing 5000 ppm total impuritie 

to 


Pechine' 
assaying principally as oxygen—was purified 
1780 ppm impuritie by electron-bombardment 
consolidation. Distillation by electron-bombardment 
heating, collection of the distillate on a hot metal 
urface, and consolidation in the same furnace re- 


duced the total metallic impurities markedly from 


7270 ppm to 1800 ppm, with a decrease in hardne 
of R, 72. Purification by distillation appeared to be 
PI 


ittractive as a potential commercial proce 

Typical electron-bombardment cast ingots have 
been extruded and rolled at the Beryllium Corpora- 
tion with encouraging success. Grain refinement has 
esulted in recrystallization and 90-mil sheet ex- 
hibited up to 39,000 psi tensile yield strength with 
2.5 percent elongation. Further improvement in 


properties and production economy is anticipated 


Radiation activation analysis 


It soon became apparent that a new method 
would be essential for the evaluation of oxygen at 
le than 200 ppm. In cooperation with nuclear 
ts, the -activation analysis technique wa 


phy Cl 
1 which has demonstrated capability in the 


ve loped 


mportant trace impurity range for O, C, and N 


The specimen activated by gamma rays using the 


40-mev linear accelerator at Stanford University 
As the resultant impurity element activities decay 
Dy pos tror emi Ion they are quant tatively de- 


tected bv coincidence counting The method has 


been used to detect 10 to 5.000 ppm O and 100 to 
25,000 ppm C with a precision of 20 pct. In the ab- 
sence of interferir ictivities as in very pure beryl- 
lium. the minimum amount of oxvgen and carbon 
detectable expected to be 1 ppm with a precision 
of 5 pet. Nitrogen content can be estimated at trace 
concentrations when the iron and copper contents 


of the sample have becn determined spectrograph- 
since their activities combine with N when 


ically 


782—JOURNAL OF METALS, OCTOBER 1960 


counting their decay emission. The technique is 
urements in the development of high 
purity beryllium and as a_ standard reference 
method for evaluating other analytical techniques 
for oxygen. It is also the most reliable method for 
carbon in beryllium in the 10 to 1000 ppm range 


used for mea 


Alloying and casting 


Extensive investigations have been made of the 
effect of alloying on beryllium cast structures 
These investigations have been undertaken with the 
commercially available, magnesium-reduced beryl- 
lium of 98 to 99 pct purity, or with beryllium flake 
of approximately 99.6 pct purity. Considering the 
extremely small solubility limits of most metallic 
and interstitial alloying elements with beryllium, 
it is apparent that the solubility limits for many 
of the elements have been approached or exceeded 
by the amounts present as impurities. Because of 
this the effects of intentionally added elements are 
masked by the effects of residual elements. It 
appears that until high-purity beryllium of less 
than 100 ppm total impurities becomes available for 
experimental purposes, the most favorable area of 
investigation for producing cast beryllium of im- 
proved properties is probably that of controlling 
the solidification process to produce a fine-grained, 
equiaxed structure 

The effects of Si, Ag, and Al on Be alloyed with 
1 pet Ti on the percentage of equiaxed grains art 
shown in Fig. 3. Of the several hundred beryllium- 
rich alloy buttons made and evaluated by prelim- 
inary screening tests, those showing potential for 
improved mechanical and fabricating properties are 
binary and ternary combinations containing 2-4 
pet Si, 0.1-1 pet Ag, 0.1-1 pet Ti, and 2-4 pct Al 
In addition to grain structure other criteria in the 
creening evaluation have been hardness and sus- 
ceptibility to microfracture. Small ingots are being 
vacuum cast for more thorough evaluation of prop- 
ng characteristics, and _  fabricabilitys 


I 


ertle casti 
tudies. Excellent castability in a 1 in. by % in 
by 6 in. chill mold for example, was observed with 
an alloy containing 0.5 Ti and 0.1 Ag by weight as 
compared to an identical casting of unalloyed beryl- 
lium. (Fig. 4) If an equivalent structure can be 
retained in larger ingots a more economical step 1n 
the proce for wrought mill products, perhaps with 
better ductility or fracture behavior, may be found 

The prospect of enhancing ductility by solid solu- 
tion alloying or possible combination with inter- 
fering impurities has long been discouraging. The 
present approach of controlling the grain size and 


rientation texture during casting and subsequent 


deformation definitely promising. Also, perma- 
nent mold and centrifugal casting appear feasible 
the first time as satisfactory and economical 


methods for producing low impact strength and 


ductility components 
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Corrosion in air 


Beryllium is known to be resistant to air to about 
850°C but at higher temperatures especially to the 
melting point 1285°C, the reaction mechanism and 
kinetics have been uncertain. Accordingly, this re- 
action and to some extent the reaction in oxygen 
and nitrogen separately have been studied 

An induction period has been observed in ai! 
which is 10 min at 1115°C and 2 min at 1255°C 
The experimental results indicate that the corrosion 
of beryllium in air follows a linear rate, and an Ar- 
rhenius plot of the reaction rates (Fig. 5) show 
the reaction to be temperature dependent with an 
activation energy of 1.1 x 10° cal per mole in the 
range 930° to 1065°C and 1.06 x 10° cal per mole 
in the range 1056° to 1295°C. The determination 
has been made both gravimetrically and by pres- 
sure change in a recording monometric system 
Further precision will soon be obtained using an 
automatic recording balance 


Electrical resistivity 


Electrical resistivity of beryllium is being studied 
as it pertains to the effects of impurities and the 
relationship with thermal conductivity’. The data 
reveal little correlation with nonmetallic or total 
impurity content, verifying that the solubility limit 
of the nonmetallics have been exceeded and are 
present as second phase particles such as beryllium 
oxide. The resistivity varies clearly as a function of 
metallic impurity content. For example, in hot 
pressed block material the resistivity increased at 
4°K (—269°C) from 0.5 microhm-cm at 0.1 weight 
pct metallic impurity to 5.5 microhm-cm at 0.8 pct 
metallic impurity. Similarly at 300°K (27°C) the 
resistivity increased respectively from 4.5 microhm- 


( 
5 


cm to 10 microhm-cm 

An attempt to develop a universal expression 
relating electrical and thermal conductivity of 
various grades of beryllium over its solid state 
temperature range has not been possible thus far 
but may be determined above 700°C. Between 100 
and 700°C the resistivity of specimens from differ- 
ent lots vary by an amount as great as 20 microhm- 
cm (Fig. 6). This variation may depend on the de- 


gree of precipitation of impurities according to 
prior thermal histories, which should become clari- 
fied when studies of the latter have been completed 

Some variation in thermal conductivity also oc- 
curs in this 100° to 700°C range. It is also in this 
range that beryllium experiences a rapid increase 
in ductility with temperature to a maximum at 
about 450°C falling off to a minimum at 750°C 
This may similarly be related to aging and precipi- 
tation effects. When studies of these microstructural 
changes have been completed, beryllium’s mechan- 
ical and physical property behavior may be much 
more readily correlated by mathematical relation- 


ships 


Mechanical properties 


Extensive mechanical property and structural test 
data are being obtained on hot-pressed block, cross- 
rolled sheet, and hot upset beryllium and subse- 
quently collated for a beryllium design data book 
The test program is yielding such mechanical prop- 
erty information as strengths in tension and com- 
pression, short-time creep, strength in shear and 
bearing, modulus of rupture, 
elastic modulus in compression, fatigue, surface 
damage effects, buckling data, and bi-axial loading 
properties 

A reliability analysis reporting the percentage 
probability of predicted tensile properties for hot- 
pressed block in the pressing direction is sum- 
marized in Fig. 7. Properties transverse to the 
pressing direction show greater spread and the ten- 
sile strengths are generally somewhat less. While 
the spread in the data indicates nonuniformity and 
anisotropy in this type of beryllium product, the 
variation may be partially attributable to testing 
thermal 


torsion strength, 


technique, surface damage, composition 
history, and other factors to which the metal may 
be sensitive. While some of these factors are care- 
fully controlled, further technical progre hould 
narrow this reliability margin 

In other tests, no significant creep was observed 
below 400°C in less than 3 min. A stress of 25 pct 
of the ultimate can be maintained for almost 15 min 
at 675 C but for less than a minute at 815°C. Shear 


Fig. 4—Beryllium alloy casting con- 
taining 01 Ag ond O05 Ti (left) 
chill cast in a 0.5 in. by | im. mold 
showing freedom from defects ob 
tained with eutectic-type solidifica 


Fig. 3—Eftect of Si, Ag, and Al on pct of tion 
equiaxed grains in beryllium alloyed with 
1 pet Ti. (From Ref. 9 


typical centerline shrinkage 
im similar ingot 
right) ditions. (From Ref. 11 


void was obtained 
without alloying 


Fig. 5—Arrhenius plot of corrosion of 
beryllium in air ot near atmospheric con 
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Fig. 6—Variation in electrical resistivity in different lots of beryllium 
os a function of temperature (From Ref. 11 
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specimens 0.25 in. thick by 0.5 in. wide 
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strength is about equal to tensile strength at room 
temperature and to about 80 pct of tensile strength 
at 540°C. Modulus of rupture ranged from 50,000 
to 70,000 psi depending on the geometry of the beam 
cross section with little change to 200°C and de- 
creasing to zero at 760°C. Both room- and elevated- 
temperature tensile properties are significantly 
increased by increasing oxide content up to several 
percent beryllium oxide. The fatigue properties 
were found to be unique in that the fatigue endur- 
ance limit is the same as the static strength, and 
the S-N curves are horizontal lines with all sur- 
face conditions”. No susceptibility to stress corro- 
sion cracking was observed”. The design data will 
be generally available when completed 

Surface damage in rolled sheet surface finished by 
machining operations was evaluated by tests of 
tension, notch tensile, fatigue and impact strengths 
Strengths were generally reduced by surface grind- 
ing, milling, and particularly shot peening. Only 
after chemical removal of several mils from each 
surface optimum values obtained. Metal- 
lographic examination of sheet cross sections re- 
vealed frequent subsurface fracture with all ma- 
chining methods—the principal rupture plane being 
about 2 mils beneath the finished surface. Extensive 
twinning also occurs in the first several mils nea! 
the surface even with light grinding or milling cuts 
This may also contribute to a mechanism for frac- 
ture initiation 

The most discriminating test for evaluating the 
effect of surface damage is by impact testing over 
a range of temperatures and the determination of 
the ductile-brittle transition temperature (Fig. 8) 
The impact strength with unnotched Charpy-type 
specimens—very low in the unetched condition 
(less than 1 ft-lb)—is increased by removing dam- 
aged surface material by an average of 5 ft-lb 
to the transition temperature. Since surface damage 
is prevalent in all untreated beryllium materials, 
special surface preparation of all structural compo- 
nents is recommended 

Residual stress near the surface of rolled sheet 
was measured by the distortion of a panel as thin 
layers of one surface were removed chemically 
Micrometer measurements of the panel deflection 
were computed to residual stress by the Treuting- 
Read method. It was found that residual compres- 
sive stress is present at the surface of cross-rolled 
sheet measuring 24,000 psi as rolled, 39,500 psi as 
milled, and 16,500 psi as ground. Beneath the sur- 
face, the stresses decreased linearly to 10,000 psi 
at a depth of 10 mils. Clearly, the presence of forces 
of this magnitude near the surface of the material 
is highly significant when combined with applied 
stresses in structures 

Attempts to measure the force required to propa- 
gate a crack in beryllium and the fracture velocity 
by conventional methods (using centrally slotted 
panels) have been prevented by the inherent dif- 
ficulty in introducing incipient cracks at the tips of 
the slots. Fracturing of the full width of the panel 
occurred while fatigue loading to initiate the crack, 
and indentation loading resulted in pre-cracking 
of a minimum of one-third of the panel. Observa- 
tions that the effective remainder of the panel sus- 
tained about 45 pct of the potential load carrying 
capacity and that the fracture rate was instantane- 
ous can be taken as indicative of the importance of 
beryllium’s crack propagation behavior in its use 
in structural applications 
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Joining 

Mechanical joints and silver brazing are being 
used satisfactorily to assemble components, and it 
appears that earlier difficulties with fusion welding 
are being mitigated. Although coarse grain struc- 
ture and cracking have generally yielded poor weld 
properties, better results are now being obtained 
Recent arc welding development using automatic 
filler wire feed at the Brush Beryllium Company ts 
showing promise. In addition, it appears likely that 
the utilization of the improved solidification and 
structure of the new LMSD alloys, shown in Fig. 4, 
may contribute a major step In beryllium welding 

A feasibility study of electron beam welding in- 
dicated that although the technique remains to be 
demonstrated for structural applications, welding 
at 25 to 30 kv with a sharply focused beam will be 
practical and capable of producing reliable welds 
in commercial beryllium. Sheet and plate up to ly 
in. in thickness with unusually narrow fusion zones 

less than ™% in.—are possible. This provides the 
rapidly quenched fine-grain structure in a minimal 
fusion zone especially necessary for beryllium. Vac- 
uum systems integrated with the requisite electron - 
bombardment units have been developed by several 
manufacturers 


Summary 


The limiting problems with beryllium are pri- 
marily related to ductility with ramifications in low 
impact resistance, catastrophic crack propagation, 
limited formability, weld brittleness, and sensitivity 
to surface damage. Means have been found to al- 
leviate these shortcomings and the considerable 
elongation at elevated temperatures has been a sav- 
ing feature for missile application 

Many variations in beryllium cast, sintered, 
rolled. and extruded products have been made with 
properties covering a wide range easily encompass- 
ing the properties required for design purposes 
Yield strengths ranging from 40 to 70 ksi are ade- 
quate; room temperature elongation of 5 to 10 pet 
in warm-rolled sheet tensile specimens has been ob- 
tained: crack propagation in hot upset sheet is re- 
tarded by less-preferential distribution of fracture 
planes; and powder rolled sheet with several percent 
porosity can be formed to a sharp radius. No single 
beryllium product combines the best properties in 
one material, but their occurrence independently 
suggests that better combinations may be pos ible 

If attempts at purification and orientation control 
in wrought beryllium grain structures are ulti- 
mately unsuccessful, ductility improvement by such 
alternate means as developing a dispersion structure 
shows promise. Such a microstructure may consist 
of optimized microporosity, possibly infiltrated with 
a ductile metal. On the other hand it may be ob- 
tained by chill quenching molten beryllium con- 
taining an alloy solute to obtain ultrafine particu- 
lates dispersed in beryllium, followed by consolida- 
tion of the quenched pellets by extrusion and rolling 
It should be noted that present commercial powder 
metallurgy beryllium is dispersion strengthened 
with more than one percent beryllium oxide. There 
are undoubtedly other similar techniques also 
awaiting proper trial 

The entire area of thermal treatment of commer- 
cially pure metal or modified compositions selected 
for this purpose has barely been touched. Work at 
the Brush Beryllium Company” has shown thet a 


750°C heat treatment for 20 min with air or furnace 
cooling doubled the elongation at 650°C in the high 
temperature ductility valley. Mash” observed that 
solution treating at 800°C, oil quenching and aging 
at 300°C increased the yield strength from 32 to 44 
ksi. The investigation of thermal treatments in con~ 
junction Ww ith composition studies is overdue 

Further optimism for structural beryllium is 
justified, particularly for missile and space use, but 
no implication is intended that beryllium lends it- 
self easily to metallurgical treatment, It must be 
appraised for what it 1s, not a high-volume mill 
product for all light metal applications, but as an- 
other specialty product suited to unique nuclear and 
aerospace-flight components Design engineers agree 
that the present need in products is greater uni- 
formity permitting predictable and reliable mechan- 
ical behavior. Although upgrading the room-tem- 
perature ductility to about § pet elongation ts 
greatly desired by designers, it Is pointed out that 
an increase of only 1 pet elongation would improve 
performance at this temperature more than 50 pet 
in the most commonly used product 

Improving ductility of beryllium is not an easy 
task but some improvement appears technically 
possible and the incentives are sufficiently reward- 
ing to recommend a more intensive effort Fabri- 
cation of new beryllium products should be under- 
taken and an intensified research effort made to 
ascertain whether the metal’s brittleness is due to 
its inherent physical nature. The following ap- 
proaches should be encouraged: 1) research of basic 
factors responsible for ductility in beryllium; 2) de- 
velopment of technology for processing wrought and 
cast products and fabrication techniques permitting 
the greatest utilization; 3) achievement of product 
and property uniformity through process control 
that satisfies realistic engineering specifications; and 
4) continued application in increasingly complex 
flight structures 

Given an adequate opportunity, a new metal tech- 
nology can mature and contribute to our national 
satellite and space travel progress and prestige more 
significantly than is commonly anticipated 
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 aechgreanten has long been recognized as a metal 


staff of the Boulder City Metallurgy Research Laborotory of the 


fused-salt electrorefining cell 


with important physical properties for use In 
in the nuclear field. The purpost 


pace vehicle ind 


to prepare beryllium in high-pu! 


form useful for physical metallurgy studies and to 
letermine the electrorefining characteristics of 
y grade metal—to furnish information 1n apply- 
n t! technique to reclaiming scrap metal 
The sucet with fused salt electrorefining of ti- 
tanium at the Federal Bureau of Mines Metallurgs 
Rese h Laborat Boulder City, Nevada, led to 


if this electrorefining technique to 
bervllium and other metals. This report cove! the 


ltc of studies on electrorefining be rviliun 


eariy ul 
till underway 
hown in Fig. 1. wa designed to 


electrorefining operations to be per- 


permit the 

formed under an inert gas, thus preventing atmos- 
pheric contamination The cell consisted of an elec- 
trolyte cl embly 


nber and a cover as 


The electrolyte chamber was constructed of mild 


teel, 12 in diam and 30 in. long—the nside 
lined with a graphite crucible and the outside met- 
dwitha protective coating The c! amber was 
heated in an electric resistance furnace 


The cover assembly conta ned two 


receiving 


chambers to accommodate the anode and the cathode 


Fittu for helium, bubbler, and vac- 
pump were prov ided in these chambers. A 
water-cooled slide valve was installed between each 
‘ mber and the electrolyte chamber 

The electrode leads were made of coppe! tubes, 
inserted into 


manometer, 


nternally water-cooled and were 
the cell through fittings provided in the covers of 
the receiving chambe! An iron rod was used a 
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Fig. 2—Cathode deposit as removed from cell 


the depositing cathode and an iron basket contain- 
ing crude beryllium metal as the anode. Direct cur- 
furnished through a 


rent for electrolysis was 


selenium rectifier. 


Procedure 


The cell was assembled and tested for leaks under 
both vacuum and pressure. When it was proven to 
be leak-free, a total of 50 lb of cp grade LiCL and 
KCL of eutectic composition was added. After the 
cell was purged under vacuum at 200°C and 400°C 
for 24 hrs, the cell, backfilled with helium, was then 
heated to the operating temperature—450°C or 
550°C 

Atmospheric contamination in the cell must be 
kept to a minimum. To achieve this the slide valves 
between the electrolyte chamber and the receiving 
chambers were closed when the receiving chambers 
were opened to the outside for the removal or intro- 
duction of material during operation. The receiving 
chambers had to be sealed and purged of air before 
the slide valves to the electrolytic chambers could 
be reopened 

The BeCl, component of the bath was produced 
in situ by reacting HCL with beryllium metal 
(2HCL Be = BeCl, + H.) in a graphite tube 
partially immersed in the molten salt. BeCl, passed 
from the tube and was dissolved in the molten salt, 
while the H. was vented from the cell through an 
oil bubbler. When the amount of HCL, calculated 
to yield the desired concentration of BeCl. in the 
bath, was consumed, the chlorination apparatus was 
removed, and the electrodes were installed for elec- 
trolysis 


Fig. 3—Beryllium dendrites 


cycle, the 
then 


At the completion of a deposition 
cathode deposit was allowed to drain and 
cooled to room temperatures in the receiving cham- 
ber. After the metal was stripped from the cathode, 
it was broken up and leached in a dilute HNO, so- 
lution, filtered, washed, rinsed with acetone, and 
dried in a hood 


Results 


Data of typical tests are shown in Table I. These 
tests may be divided into three groups: (1) 56.9 
mole pet LiCL-39.6 mole pet KCL-3.5 mole pct 
BeCl, bath at a temperature of 550°C, (2) same 
bath at a temperature of 450°C and (3) 49.3 mole 
pet LiCl]-34.2 mole pet KCI-16.5 mole pct BeCl 
bath at a temperature of 550°C. 

Table II shows the analyses of the anode feed and 
the refined metals. The analytical methods employed 
follow: for oxygen and hydrogen, vacuum fusion 
using the platinum bath technique; for chloride, 
the silver chloride gravimetric method; for nitrogen, 
the Kjeldah! method; for carbon, the combustion 
method; and for metallic elements, spectrochemical 
method. Oxygen, magnesium and beryllium in the 
anode feed were determined by the following meth- 
ods respectively: acid solution and determination of 
the quantity of the residual beryllium oxide, pre- 
cipitation of magnesium as magnesium phosphate 
and conversion to pyrophosphate, and precipitation 
of beryllium hydroxide and conversion to oxide. The 
adaptation and development of analytical procedures 
were carried on concurrent with the progress of the 
electrorefining work. Progressive refinements of the 
determination limits, particularly in the spectro- 
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4, 
| 
if 


chemical analyses, as shown in the results of the have been affected by the use of a graphite crucible 


later runs over those of the early run are in evi- as 


the electrolyte containe! 

Notwithstanding the fact that the determination 
Deposit limits were varied as the tests progressed, analyses 
of the metal products appeared to indicate that gen- 


dence 


The deposited beryllium metal, depicted in Fig 
eel gray in color and in the form of erally better electrorefining was obtained from the 
bath with 16.5 mole pct BeCl, at 550°C, than the one 
with 3.5 mole pct BeCl, at the same temperature. The 
operating temperature of 450 C with the bath con- 


and were 


thin, flat platelike Cc! tal Long fiber ot platelets 


were produced in the bath containing 3.5 mole pct 


BeCl, and large lamellae were produced in the bath 


containing 16.5 mole pct BeCl.. Increasing cell volt- taining 3.5 mole pct BeCl, gave better results in re- 
age (also cathode current density)—somewhat de- ducing metallic impurities than the same bath op- 
creased the ize of the crystal Crystals produced erating at 550°C 

at the bath temperature of 450°C were noticeably The purity of the metal produced in the later 
le adherent to the cathode than those produced at runs, when analytical procedures were improved, 
50°C compares favorably with that of high-purity beryl- 


reported in 


Stability of BeCl. in Bath lium produced from other sources as 
the literature. In general, our metal appears to be 


$5 mole pct BeCl. both at 450°C and 550°C was lower in oxygen, magnesium, aluminum, nickel, and 
negligible and bath samples taken throughout the iron; higher in chloride, manganese, and copper; and 
of the same level in silicon and nitrogen 


Sublimination of BeCl, from the bath containing 


eri of test howed that the BeCl., content re- 


mained very constant. On the other hand. sublimi- 


f BeCl, from the bath containing 16.5 mole References 


nation of 


pet BeC] at 550°C. wa appre iable. and bath am- J 4 Gurklis, J. G. Beact ind ¢ I Faust: Electrodeposition 

1 f Bers i hor are irconiun or “usec salt a AE 

ple howed that the Bet content decreased a Re BMI Nov 4 20 pp vussé Bath 

the tests progressed K. Illig: The Production and Uses of Beryllium. Trans. Ar 


BR. FEF Kjellgrer und ¢ B. Sawyer Method of Producing 
Electroretining Met c Ber ! U. S. Patent 2,188,904, Feb. 1940 


7 Cc. S. Pe Effect of Oxygen on the Ductility of Berylliun 
rhe metal produc howed that electrorefining Prepared by High-Vacuum Distillation. MIT-1104, Dec. 4, 1952 
was achieved as all impurity elements—except car- Bp. ° 
Sic ens Companys The Rervyvlliun Its Production and Appli 
Dor tha vere found in the anode feed were re- tion. Translated by R. Rimach and A. J. Michel. Chemical Cata 
tuced. M nesium, kel, aluminum, an rom } N. ¥., 1932, 331 ps 
i Ch iuminum, ar d chron lum H Sumsior und oO Mathews Electron Bombardment 
were reduced as to be almost undetectable by spec- Melting nd Casting of Berylliur L..M.S.D.-48330, Nov. 7, 1958 
op 35 
troche ical analvsi ) ue llicon, iron and ni J. M. Tier Preparatior llium Powder. Trans. Elect f 
trogen were also appreciably reduced. Generally ‘ S 194e 89. pI 
{ Wir ecke The of 3erviliun by the Ele 
ome degree of reducti was indicated for manga- t f Be im Chloride. The Metal Beryilix edited by 
re e and coppe but electrorefinings appeared a poor W d J Barke Son Met Cleve nd 
olution for these impurity elements. Some increase M. M. Wong, F. R. Cattoir, and D. H. Baker, Jr.: Elect 
ef B *reliminar Studies Jureau of Mines ppt 
in carbon was indicated; however, this result might idies. tines Re 


Table |. Data of Typical Tests 


Res Average Cathode Cathode 
Ne Bath. mol. pet Temp, °€ Cell voltage amperage current current 
density Metal, efficiency 
amp/sq ft pet 


’ ’ B80 
q ’ Be 14 200 12.5 92 
Li K Rel 167 23 40 15.6 “4 
Bet 1.04 28 410 19.5 92 
Ki Re 11 27.8 89 
Bet 450 0.71 12 30 10.0 B4 
6.9 Ke Bet 17 21 00 13.8 88 


70 


Table II. Analyses of Anode Feed and Electroretined Metal 
Analysis (in pet) 


Material 


4 0.001-0.01 0.002 0 

a 2 47 005 f 0.01-0.1 0.02 0.02 0.032 0.002 0 008 

2¢ “ 4 om om 0.035 0.02 0.06 0.002 0.008 

0 0.001-0.01 0.029 02 0 045 0 002 0.006 

42 12 2 4-( 0 0.001-0.01 0.035 02 0.001-0.01 ) 002 0.006 

29 O4 2 4 006 0.001-0.01 0.028 0.02 0.001-0.01 0 002 0.009 
‘ 0.006 0.013 0.002 0.0003 0 0048 0.002 0.0021 

006 0.010 0.002 0.0003 0 008 0.002 0.02 
0 002 0 006 0.009 0.002 0.0003 0.007 0 002 0 0021 
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| 16 ) K = 
8 49.3 Li 42 16.5 BeCl 1 OR 29 425 62 
Ke o N Al Co Cr Cu Fe Me Mn Ni si 
0.5 l 0.01-0.1 0.32 2.66 0.015 0.05 0.1-1.0 
‘ 
ta ec j 
R we etected or jetected. include: Ag. B. Bi. Ca. M Pb. Sb, Sn, Sr. Ti ‘except 
y ed 2 percent of this element, probably caused by laboratory contaminatio V. . 
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RECENT ADVANCES 
IN BERYLLIUM METALLURGY 


Sound metallurgical approaches toward understanding, as well as eliminat- 
ing, the persistent problem of brittleness in beryllium metal are described in 


this paper 


by S. H. Gelles, J. J. Pickett, and A. Wolff 


ERYLLIUM is a metal having very attractive many more slip systems available in the former), 
properties for nuclear and space applications attempts have been made to stabilize the bee phase 
These properties include a high modulus of elas- to lower temperatures, possibly to room tempera- 


ticity, low neutron absorption cross section, and low ture 
3 density. The major deterrent to its more extensive The first attempts to attain this goal have been 
ns use is its limited ductility. Investigators at Nucleat by means of alloving. A series of binary alloys of 
Metals Inc. have focused their attention on the beryllium with iron, columbium, copper, vanadium, 


palladium, silver, zinc, nickel, silicon, 


brittleness problem for the past few years and have zirconium, 
attacked the problem along three lines: 1) an effort cerium, lanthanum, and chromium, and ternary al- 
to produce a crystal structure that is more ductile loys containing both nickel and palladium were in- 
than the crystal structure (hexagonal close-packed ) vestigated to determine the stability of the bec phase 
normally met in beryllium at room temperature, 2) in these alloy systems. The experiments are still in 


a program aimed at discovering the cause of beryl- 
lium brittleness with special attention to the effect 
of impurities, and 3) efforts to produce a more duc- 


Weight Fraction of Nickel 


tile material by control of the preferred orientation 1400 10 20 30 40 
T T T T ah 
in material fabricated from powder beryllium. In * ——— 
; this paper the first two approaches are reviewed to PP — 
how what progress has been made up to the pres- 
ent time, and what goals are contemplated for the 1300 Fe 4 


future 


Retention of the High Temperature bec 


Phase to Room Temperature s B 
The first program to be described” is aimed at re- \ 
y 


taining the high-temperature phase present in pure 1100 
beryllium to lower temperatures, nopefully to room 


temperature 


Work by Powell’ and Martin and Moore’ have 


a 
hown that the hexagonal close-packed phase, which 1000 F- _ 
is found in beryllium at room temperature, trans- 


Temperature 


forms at approx 1250°C to a new phase which exist 


up to the melting point, approx 1280°C. The crystal 3900 + 


tructure of this latter phase has been determined 
by Martin and Moore’ as bee (a 2.55A) 
Since a bec phase is inherently more ductile than + Thermo! Analysis 
a hexagonal close-packed phase (because of the 800 F- 4 
@ Diffusion Couple 
*Sponsored by the United States Atomic Energy ( Anolysis 


AT (30-1 


S. H. GELLES, J. J. PICKETT, and A. WOLFF are associated 

with Nuclear Metals, Inc., Concord, Mass. This paper was originally os o¢ os 0s 10 
presented at the AIME Southwest Metals and Minerals Conference 
in Los Angeles, Calif, on April 22, 1960 


Atom Fraction of Nickel 


Fig. 1—Portion of the Be-Ni equilibrium diagram 
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Table | 


Chemical 


Material 


Analysis in ppm by Wt 


Chemical and Spectrographic Analyses of Starting Materials 


Spectrographic Analysis in ppm by Wt 


si 


Ca Fe Me Mn 


Fe 


proce however, enough work has been done on Table I!. Chemical and Spectrographic Analysis of Brush QMV 
the beryllium-nickel system to distinguish it as the Powder (200 Mesh) used in Beryllium Aging Studies Wt Pct 
most promising one investigated thus fal 

The beryllium used in this investigation was in Brush Nuclear 
the form of flakes obtained from the Pechiney Co. of Supaam Se —_ 
France; the nickel was in the form of pellets ob- 
tained from the International Nickel Co. Analyses _ 0.158 0.150 
of these materials are shown in Table I. The alloys ~< oars a 
were prepared by vacuum induction melting in Ni 0.01¢ = 


bervllia crucible 


Results 


Fig. 1 shows the beryllium-rich 
beryllium-nickel phase diagram, 
obtained by diffusion-couple analy 
ysis, and high-temperature X-ray 
alpha phase has the crystal tr 
found in pure beryllium at room te 


based upon results 


0.005 
0 0008 


portion of the Cu 


is, thermal anal- curves for a beryllium-nickel alloy 


ing and cooling 


liffraction. The containing 1 at pct Ni are shown in Fig. 2. These 
ucture normally curves show the thermal effects on heating found 
mperature (hex- during transformation from the alpha phase to the 


The 


agonal close-packed, c/a ~ 1.57). The beta phase is beta and during the melting of the beta phase 
bee, having a lattice parameter varying from approx reverse transformations are shown in the cooling 
2.55A for pure beryllium’ to 2.60A in the composi- curve 
tion range 5 to 8 at pet Ni. The gamma phase, Confirmation of the crystal structure of the beta 
Ni.Be.,, has a complex beta-brass structure, analyzed phase by high-temperature X-ray diffraction was 
by Misch carried out with a vacuum furnace in conjunction 
The phase boundary points denoted in Fig. 1 by with a Norelco Spectrometer. Three separate ex- 
dots were obtained by a diffusion couple analysis perimental runs were made on alloys containing 5 to 
technique described elsewhere.’ The phase boundary 8 at pet Ni. A summary of the experimental condi- 
points designated by crosses were obtained in this tions and results of these runs showed that the lines 
tudy by differential thermal analysis. Typical heat- due to hexagonal beryllium and to Ni,Be., disap- 
ae peared almost completely upon heating into the beta 
phase field. In the first two series of runs (A and B) 
' = involving Be-8 at pct Ni alloys, however, vestiges of 
¥ 135 " Ni.Be., lines remained even at high temperature 
5 This was found to be due to a change in composi- 
13/7 tion of the sample during the experiment because of 
gs i2s the evaporation of beryllium from the surface. As 
an example of this, the sample used in the series A 
4am > experiments and analyzed after completion of the . 
. am experiment was found to have an average composi- 
tion of approximately double the nickel content of 
Fig. 2—Thermal analysis of Be-1 at pct Ni alloy the starting material. A relatively thick layer of 


3 
~ 
~ 


Fig. 3—Diftraction patterns of a Be-5 at pct 


19 ma 
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Ni alloy at [a] room temp and [b| 1270°C. Scanned at |” per min. CuKea radiation, 45 kv, 


| 
Pect ‘ Be F ke 100 0 700) 40 7 50) ~ 35 10 10 0 20 
: Pechiney Be Flake 0 10M 40 40 160 20 20 10 
Mond Ni Pellet 160-204 120-420 . 
# 
= 
jes 
Me 0.015 0.016 
Si 0.040 0.023 
J 
de 
J 
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Ni,Be., would, thus, be expected to have formed on 
the sample surface. In an effort to avoid this prob- 
lem, a hypoeutectoid alloy containing 5 at pct nickel 
was used in runs of Series C. The pattern obtained 
at 1270°C consists of three of the four bec lines ex- 
pected in the range of angles scanned. Only the 
slightest trace of a compound line is evident. This 
pattern is shown in Fig. 3, where it is compared to 
the pattern previously obtained at room tempera- 
ture. It should be noted that the sample was at 
1200°C or above for at least 20 min before the com- 
pound peak was scanned. This would allow enough 
time for the surface of the sample to become suffi- 
ciently enriched in nickel so that at least a thin layer 
of Ni,Be., would form at the surface of the sample 

Attempts have been made to stabilize the beta 
phase by quenching Be-8 at pct Ni alloys from 
approx 1200°C. Thus far, these attempts have been 
unsuccessful 

This work will be continued during the next yea! 


Beryllium Brittleness Problem 

The second program to be described* is concerned 
with pinpointing the cause of brittleness in bery]- 
lium 

For many years now, workers in the field of bery!- 
lium metallurgy have blamed the brittleness of the 
metal either on the crystallographic structure of the 
pure metal (inherent brittleness)* or on impurities 
in the metal.’ 

The proponents of the inherent brittleness theory 
present theoretical arguments which are based on 
assumptions that have been necessarily simplified 
in order to solve the problem or are based on prop- 
erties of the material in the impure state 

On the other hand, there are many experimental 
clues that lead to the belief that impurities in beryl- 
lium are affecting the mechanical properties of the 
metal. One of the prime reasons for this belief is the 
unusual temperature dependence of some of the 
mechanical properties of the metal. As an example, 
the tensile elongation as a function of temperature 
sometimes shows two maxima.’ A decrease in elonga- 
tion at a temperature of approximately 400°C can 
possibly be explained by formation of a precipitate 
and/or impurity-dislocation interactions 

In addition, the critical resolved shear stress for 
slip along the basal plane appears to increase with 
increasing temperature This is an effect which ts 
difficult to interpret without assuming that im- 
purities are active in beryllium 

By direct observation of fracture surfaces Pointu 
has revealed the presence of impurity particles 
These have been analyzed, with an electron micro- 
beam probe, by investigators at Advanced Metals 
Research Corp. as being rich in iron, manganese, and 
chromium. Such particles, if concentrated along 
fracture planes, may have a deleterious effect on the 
mechanical properties 

As direct evidence of impurity effects, Mash’ has 
demonstrated the presence of quench-aging and 
strain-aging effects in commercially pure beryllium 
His data demonstrate that large changes in mechan- 
ical properties can be effected by heat treatment arid 
cold work followed by heat treatment 

In the present work, some of Mash’s conclusions 
regarding precipitation effects have beeen confirmed 
In addition, the kinetics of an aging process in beryl- 


* Sponsored by the United States Atomic Energy Comrmissior 
Reactor Division, Contract No. AT (30-1) -1565 


lium fabricated from commercial beryllium powder 
has been followed with electrical resistivity meas- 
urements and X-ray measurements. A limited num- 
ber of tensile tests have been conducted on material 
fabricated from the same powder lot and treated in 
a similar manner. 


Material 
The beryllium rod used in this investigation was 
fabricated from —200 mesh Brush QMV powder! 
Chemical and spectrographic analyses of this mate- 
rial appear in Table II 


Experimental Procedure 

Fabrication procedure: Beryllium rod approxi- 
mately % in. in diam was fabricated from 200 
mesh powder by extrusion at 1950°F at 30:1 area 
reduction. Two such extrusions were carried out; one 
was used to supply samples for resistivity tests and 
the other for tensile tests 

Aging kinetics studies: One of the extruded rods 
was cut into 4-in. lengths. These samples were solu- 
tion treated at 1100°C for 1 hr and water 
quenched. They were then aged at temperatures 
between 200° and 1000°C for at least three different 
times at temperature. Fig. 4 shows the results ob- 
tained in a plot of the ratio of the resistivity of the 
aged sample to the resistivity of the solution-treated 
sample versus time. As may be seen from this figure, 


A™ 

\ * 
4> 


Fig. 4—Resistivity ratio (ratio of resistivity of aged specimen to 
resistivity of a as-solution-treated-and-quenched specimen) versus 
aging time for various aging temperatures 


1200 
1000 t 
| 
. 800 + 
a a+x 
° 
+4 600 Fig. 5—Schematic 
E phase diagram of 
| beryllium with 
| suspected solute 
400 impurity element 
Drawn to be con 
| sistent with re 
200 | sistivity studies of 
Be A aged samples of 


commercial bery! 
Composition lium 
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large changes in resistivity occur in commercial 
berviliun vhen subjected to heat treatment of the 
type described. This is especially true at the 600°C 

ng temp, where decreases of resistivity of the 


order of 30 pct are observed 

These changes in resistivity lead one to the belief 
that a precipitation proce taking place in com- 
mercially pure beryllium. The proce occurs rather 
lowly in the temperature range 200° to 400 C. At 
600 C it occurs rather quickly and at 800°C is com- 
plete in le than 2 hr. Aging at 1000°C produces 
only minor changes in the resistivity 

A possible explanation of these results can be 
made using the schematic diagram shown in Fig. 5 
TI diagram, which is drawn to be consistent with 
the re tivity results, shows the solubility curve of 
beryllium with an assumed solute element. The 
vertical line labelled “A” represents the compositior 
if commercial beryllium used in this study. The 
alloy passes from a single- to a two-phase field at a 
temperature between 800° and 1000°C 

Work now being carried out to identify the pre- 
cipitated phase by means of the electron microbeam 
probe and by X-ray diffraction 

Changes in mechanical properties: The second ex- 
truded rod was cut into 3% in. lengths and these 
imple were olution treated at 1100°C for one 
hour and either furnace cooled or water quenched 
Some of the samples that were water quenched were 
iged at either 400° or 600°C for different lengths of 
time. They were machined into tensile bars of 1-in 
‘age length and 0.200-in. gage diam and tested on 
Tinius Olsen hydraulic tensile machine at approxi- 


mately 0.002 in. per min. A summary of the result 


hown in Table III, where it is seen that the m« 


chanical propertie are altered quite substantially 
with heat treatment. Some of the significant factor 

to be noted are the following 
1) In comparing the samples slow-cooled from 
the solution temperature with those quenched from 
this temperature ignificantly higher ultimate ten- 
ile strengths and higher elongations can be seen in 
the slow-cooled material 
2) Comparison of the samples quenched from the 
olution temperature with those quenched and aged at 
400 C shows no significant change in either the ulti- 
mate tensile trength or the elongation even afte: 
‘37 hr at this temperature. However. a vield point is 
in 7 nateri in i 2 hr at 


3) Aging at 600°C produces significant improve- 
ment in the ultimate strength and elongation ove! 
the solution treated and quenched properties. It is 
also significant that a yield point is developed in 
samples aged 24 hr at 600°C but is absent in sam- 
ple aged 2 hr at 600 C 
4) The mechanical properties of the as-extruded 
metal, although based on a single sample, show a 
relatively high yield strength and elongation but a 
low ultimate tensile strength 
These results once again indicate that impurities 
are greatly affecting the mechanical properties of 
berylliun Inconsistencies and _ the 


commercial 
pread of mechanical properties reported by in- 
vestigators in the field of beryllium metallurgy are 
perhaps due to different thermal histories of the test 
amples. The precipitation process may also explain 
the decrease in ductility in the range 400° to 600°C 
This is the range of temperature at which the pre- 
cipitation process is beginning to take place at an 
appreciable rate. The embrittling mechanism ap- 
pears to vary with temperature, perhaps being due 
to the presence of a fine precipitate in the tempera- 
ture range 400° to 600°C and to impurities in solid 
olution at room temperature. This is evidenced by 
the increase in ultimate strength and elongation in 
room temperature tests on samples aged at 600°C 
An extensive investigation of this phenomenon ts 
presently being carried out under Air Force spon- 
orship. From these studies we hope to learn what 
impurity or impurities are acting in beryllium and 
in what way they are altering mechanical properties 
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Solution treated 


Pet Offset Vield Vield Point 


Strength (psi) 


Treatment Max Ave Min Max 


Tested at temperature. Fou ples tested for each ¢ lition unless otherwise specifiec 


Table Ill. Mechanical Properties of Beryllium Rod Extruded from Brush QMV Powder As a Function of Heat Treatment 


timate Tensile Elongation 
Strength (psi) Pet 


Min Max Ave Min Max Ave Min 
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NUCLEAR PURITY BERYLLIUM 
... Its Manufacture 


The valuable properties of beryllium in nuclear devices and reactors are 
nullified by high-neutron-absorption impurities. This article describes 
techniques for refining beryllium to a purity suitable for nuclear applica- 


tions 


by C. W. Schwenzfeier, Jr 


he usefulness of beryllium in nuclear device: lium metal of this nuclear quality was first produced 
‘wae reactors is based on three properties: its in quantity during the early 1940's at the Lorain, 
ability to moderate or slow down thermal neutrons, Ohio, plant of The Brush Beryllium Co. in connec- 
its ability to reflect thermal neutrons, and its low tion with the Manhattan Project 
neutron capture cross section. These valuable prop- Increasing demand for nuclear-grade beryllium 


are nullified if the resulted in the construction of a new beryllium 


erties of beryllium, however, 


metal contains an excessive amount of high-neutron- plant at Luckey, Ohio, which went into operation 
absorption impurities. For this reason, the metal in 1950. This plant, operated by The Brush Beryl- 
must be produced to very high standards of purity lium Co. for the US Atomic Energy Commission, re- 
Another reason for requiring high-purity beryllium mained the sole source of production quantities of 
in nuclear applications is that certain elements, afte: nuclear-grade beryllium until approximately two 
exposure to irradiation in a nuclear reactor, produce years ago when, again, sharply rising demands fo: 
appreciable quantities of highly-radioactive, long the metal resulted in the construction of two new 
half-life isotopes. If the beryllium contains any privately-owned plants: one operated by The Beryl- 
appreciable quantity of these elements, of which lium Corp. and constructed at Hazelton, Pa., and 
cobalt is an example, the beryllium will remain the other constructed and operated by The Brush 


Beryllium Co. at Elmore, Ohio. While there has been 
ome increase in quantity of nuclear-grade beryllium 


radioactively hot for long periods of time and, thus, 
will be awkward and difficult to remove from a re- 


actor. This could be a serious problem in such ap- production in France, the two privately-owned US 
plications as beryllium cladding for fuel elements plants are today the only truly production-scale 

The double and unrelated requirements of high- beryllium manufacturing operations in the free 
purity, low-neutron absorption and avoidance of world 


long half-life highly-radioactive isotopes, have 
given rise to a chemical purity specification for 


Production steps 


beryllium which is not a requirement for metals out- Production of beryllium metal, whether of nucleat 
side of the nuclear reactor field. The result of this quality or otherwise, is accomplished basically in 
situation is a double chemical specification, one part two fundamental steps. The first of these is extrac- 
of which is based upon the sum of impurity elements tion of bervllium from its ore. beryl. a bervllium 
properly weighted to reflect their respective neutron- aluminum silicate. and the conversion of the ex 
absorption characteristics, and a second specification tracted bervllium into either bervilium hydroxide 
setting absolute maximum-allowable levels of the or beryllium oxide. The bulk of the impurities as- 
elements producing highly-radioactive long half-life ociated with beryllium in its ore are separated in 
isotopes. There is also some correlation between the course of producing the oxide or hydroxide 

mechanical properties of beryllium and certain im- The second basic step in beryllium metal produc- 
purity elements, and this has resulted in maximum tion is conversion of the oxide or hydroxide to eithe: 
allowable levels for certain other impurity ele- the anhydrous fluoride or the anhvdrous chloride. 
ments. For over 10 vears, the beryllium industry ha followed by either reduction of the fluoride with 
been producing nuclear-grade beryllium metal to magnesium metal or electrolytic reduction of the 
the dual specification established by the US Atomic anhydrous chloride. Final purification to meet the 
Energy Commission. This dual specification and its nuclear specifications is accomplished in the halide 
details are too complex to discuss here; however, an portion of the processing operations. In the case of 
analysis of a typical lot of metal produced to this the fluorides, this final purification accomplished 


specification is presented in Table I primarily by wet chemical methods. Final purifica- 

Beryllium metal of a quality corresponding to this tion of the chlorides may be accomplished by either 
pecification—commonly referred to as QMV*—i distillation of the chloride or discarding the initial 
the standard for use both in nuclear and, more electrolytic beryllium deposit, which is high in im- 
recently, in aircraft and missile applications. Bery]- purity elements 


Insofar as chemical purity of the final beryllium 


* Trademark of The Brush Beryllium Ce 


product is concerned, it now appea that there 


C. W. SCHWENZFEIER, JR., is vice president of Brush Beryllium little difference between the fluoride-thermal oe 
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trolysis process. However, as recently as a year ago, 
the chloride-electrolysis process was considered in- 
herently superior to the fluoride-thermal reduction 
process 

Early in 1959, the UK Atomic Energy Authority 
approached the Brush Beryllium Co. with a request 
for assistance in obtaining larger quantities of beryl- 
lium metal than had been previously supplied fo: 
use in the British gas-cooled power reactor pro- 
gram. They had been using some French flake metal, 
but most of their beryllium came from the US, pro- 
duced to standard US Atomic Energy Commission 
specifications. Comparing the results of their ex- 
periments using both standard large-scale fluoride- 
thermal reduction process beryllium from the US 
and European-produced laboratory scale chloride- 
electrolysis process metal, it was felt at that time, 
that worthwhile improvements in nuclear reactor 
design and/or fuel recovery could be realized 
through the use of beryllium of considerably higher 
purity than the standard US A.E.C. grade. The 
inadequate production capacity in Europe and the 
substantially higher cost of electrolytic process 
beryllium encouraged the British to consider a solu- 
tion to the problem 

A comparison of the typical analysis of beryllium 
metal produced according to the US A.E.C. specifi- 
cation and the purity specification required by the 
UK Atomic Energy Authority is shown in Table II 
A crash program of process development and refine- 


Table |. Typical Analysis of Beryllium Metal Produced to USAEC 
Specification 


Table Il. Typical Analyses of Beryllium Metal Produced for USAEC 
and UKAEA 


TSAEC 
ppm 


Table III. Specifications for UKAEA and Typical Analyses of Metal 
Made to Brush Specification N-50-A 


Analyses To 
LCKAEA 
Specification ‘Let 
ppm ppm 


400 
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ment was started immediately at the Elmore plant 
of The Brush Beryllium Co. Within a few months, 
process modifications and improvements were made 
in the main plant so that for the first time beryllium 
metal of a chemical purity previously thought pos- 
sible only from the chloride-electrolysis process 
became available in large quantities at only a small 
extra cost 

Table III shows an analysis of a typical lot of this 
new special purity grade of beryllium In recognition 
of its current availability in quantity production, 
this new grade of beryllium metal has been given 
the trade designation of QMV N-50-A. 


Ore extraction 

As stated earlier, production of metallic beryllium 
can be considered in two basic steps: production of 
beryllium oxide or hydroxide from the ore, and 
conversion of the oxide or hydroxide to a halide, 
with subsequent reduction of the halide to metal 
Of the many ore extraction processes used commer- 
cially over the years, only two remain in operation 
in this Country on a commercial scale. No informa- 
tion is available to indicate what ore extraction 
methods may be in use outside of this country. 

At its beryllium plant at Hazelton, Pa., The 
Beryllium Corp. prepares their beryllium oxide by 
the alkali-metal double-fluoride sintering process 
Basically, this process consists of three steps: sinter- 
ing at approx 750°C briquettes of a finely-divided 
mixture of beryl ore and an alkali metal double- 
fluoride, such as sodium ferric fluoride or sodium 
silico fluoride: leaching the ground sinter cake with 
water to recover the beryllium as water-soluble 
sodium bervllium fluoride, and then precipitating 
beryllium hydroxide from this solution by addition 
of sodium hydroxide. No further information on 
processing technology at Hazelton has been released 

In brief, the process employed by the Brush Bery!- 
lium Co. at its Elmore, Ohio, plant consists of melting 
the beryl ore, water-quenching the melt, reacting the 
ground frit with sulfuric acid to convert the beryl- 
lium to water-soluble beryllium sulfate, separating 
aluminum by crystallization of ammonium aluminum 
sulfate, and precipitating the beryllium as beryllium 
hydroxide with sodium hydroxide. The undesirable 
heavy metal impurities are retained in solution in 
the precipitation step through the use of suitable 
sequestering agents 

At Elmore, the beryl ore is melted in a 1500-kw 
carbon-lined, three-phase arc furnace of the type 
used in electric-furnace steel practice. Molten ore 
is poured from the furnace into water to achieve 
a quick quench, thus destroying the crystal form of 
the mineral, beryl, so as to make it reactive with 
sulfuric acid. No flux additions of any sort are made 
in this melting operation. (Fig. 1) 

Following the quenching operation, the beryl frit 
is heat treated in a gas-fired rotary kiln to further 
improve reactivity. The heat-treated frit is ball- 
milled dry to pass a 200 mesh sieve and then mixed 
with 66° Baume sulfuric acid. From the ore-acid 
mixer, the slurry is blown by air pressure into pre- 
heated, gas-fired sulfating reactors, similar in con- 
struction to rod-mill type pulverizers. The sulfating 
reaction temperature is approx 300°C. In the sulfat- 
ing reaction, the beryllium oxide content of the ore 
is converted into water-soluble beryllium sulfate, 
and the silica content of the ore is completely de- 
hydrated to make it insoluble. (Fig. 2) 
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Following sulfating, the ore is water-leached in a 
five-stage countercurrent Dorr thickener. The silica 
sludge from the fifth thickener stage is virtually 
100 pet free of water-soluble beryllium and is dis- 
carded. The thickener operation is, of course, con- 
tinuous and fully automatic. Fully automated pro- 
cessing of the purified supernatant liquor from the 
No. 1 thickener stage continues with the addition of 
ammonium hydroxide, and the cooling of the solu- 
tion in tube and shell type heat exchangers to 
cause separation of the aluminum as _ sparsely- 
soluble ammonium aluminum sulfate, which is re- 
moved continuously in a Bird solid-bow] centri- 
fugal. The alum crystals are washed free of beryl- 
lium in the centrifuge prior to discard, and the wash 
water is combined with primary centrifuge filtrate. A 
small amount of extremely-fine silica remains in the 
supernatant liquor from the first thickener stage; 
so, at this point, after alum crystallization, the fil- 
trate is given a polishing filtration in tank-type 
pressure filters, where the small amount of ex- 
tremely fine alum not removed by the Bird centri- 
fuge, as well as the residual silica fines are separated 
from the liquor and discarded. The clarified filtrate 
is next blended with suitable organic chelating 
agents for sequestering of undesirable heavy-metal 
impurities. Sodium hydroxide solution is simultane- 
ously proportioned into the stream in proper amount 
to produce a final blend approximately 1.5 N basic 
Under these conditions, heavy metal impurities are 
held in solution by the sequestering agents, the 
beryllium content of the solution has been converted 
to sodium beryllate, which is water soluble at tem- 
peratures below approx 60°C, and the residual 
aluminum content has been converted to water- 
soluble sodium aluminate. (Figs. 3 and 4) 

The clear solution is transferred continuously to 
a steam-heated hydrolyzer, where the body of the 
solution is held at approx 95°C, thus reprecipitating 
the beryllium hydroxide in the very coarse, granu- 
lar alpha form. From the hydrolyzer, the alpha 
beryllium hydroxide slurry flows continuously to 
another Bird solid-bow] centrifuge, where the solid 
hydroxide is separated from the basic mother liquor 
Under normal operating conditions, approx 95 pct 
of the solid beryllium hydroxide is separated in the 
centrifuge and the remaining 5 pct must be re- 


STEP ONE, EXTRACTION 
Fig. 1 (left)—Fritting of molten beryl ore. Fig. 2 (above)— 
Feed end of sulfating mill. Fig. 3 (below)—Continuous cen- 
trifuges and thickeners. Fig. 4 (bottom)—Alum centrifuge 
crystollizer 


covered by settling in a Dorr thickener. The clarified 


beryllium-free basic mother liquor is discarded 
along with the ammonium alum crystals. By for- 
tunate circumstance, the amount of excess caustic 
soda in this clarified filtrate is almost exactly equiv- 
alent to the amount of aluminum present in the 
ammonium alum produced; so, when these two 
waste streams are blended in the waste treatment 
ponds, all of the aluminum is precipitated, and the 
resultant supernatant liquor is almost exactly neu- 
tral. 

Typical beryllium hydroxide produced by this 
process contains only about 10 pct free water and, 
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on a BeO basis, approx 0.05 pct Fe, 0.15 pet Al, 
0.05 pet Si, and 0.45 pet Na 

This completes the first basic step of beryllium 
metal production—extraction of beryllium from the 
ore and its conversion to beryllium hydroxide 


To a fluoride 


The second basic step of metal manufacture 
conversion of the hydroxide to anhydrous fluoride 
and thermal reduction of the anhydrous fluoride to 
metal—begins with preparation of a solution of am- 
monium beryllium fluoride by dissolving the hy- 
droxide in a solution of ammonium acid fluoride 
Hydroxide powder from the centrifuge falls di- 
rectly into an agitated tank where it is slurried with 
an ammonium bifluoride solution and transferred to 
large agitated tanks to be stored in slurry form 
This slurry is withdrawn from the storage tanks as 
needed and transferred to agitated Haveg tanks, 
where additional hydrofluoric acid and ammonium 
hvdroxide are added to balance properly the stoi- 
chiometric relationship of beryllium, ammonium, 


and fluoride ions in the solution 
Several vears ago, we discovered that when these 
toichiometric relationships are properly balanced, 


a complex is formed that dissociates to such a 


HYDROXIDE TO FLUORIDE 


Fig. 5 (above)—Pressure filters in ammonium beryllium fluor- 
ide treating. Fig. 6 (below)—Voacuum salting evaporator and 
continuous centrifuge for ammonium beryllium fluoride. Fig. 
7 (right) —Induction furnaces for producing beryllium fluoride. 
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slight extent that the quantity of beryllium ions 
in the solution is so small as to preclude exceeding 
the solubility product of beryllium hydroxide. This 
complex ion is the key to the basic beryllium puri- 
fication process, since it makes possible the setting 
of solution pH to any value desired to accomplish 
precipitation of the heavy metals present without 
the danger of losing beryllium, as beryllium hy- 
droxide precipitate, in the filter cake 

In the first purification step, the solution is ad- 
justed to a pH of approx 7 and lead peroxide is 
added to precipitate, practically quantitatively, 
manganese as manganese dioxide and chromium as 
lead chromate. The precipitate is separated by fil- 
tration. The clarified filtrate is heated to boiling in 
an agitated Haveg tank, and then calcium carbonate 
is added to precipitate residua] aluminum. Under 
these conditions. there is some decomposition of 
the ammonium fluoride present in the liquor to re- 
lease ammonia, which raises the pH of the solution 
to approx 8.5. At this pH, the hydroxides of most 
of the heavy metals are precipitated quantitatively 
The hydroxides of some metals, however, are not 
quite sufficiently insoluble to assure adequate solu- 
tion purity; therefore, ammonium sulfide is added 
to assure complete separation of copper, nickel, and 
ferrous iron. This solution is filtered; the filter cake 
is thoroughly washed and is then discarded 

To eliminate any possible water pollution prob- 
lem resulting from the fluorides contained in these 
discarded sludges, they are mixed with the calcium 
hydroxide sludges generated in the main refinery 
water-treating plant. Additional lime may be added, 
if needed, to assure conversion of all fluorides to 
highly insoluble calcium fluoride 

To make doubly sure that there will be no quality 
problems arising in subsequent processing opera- 
tions, the clarified ammonium beryllium fluoride 
solution is filtered again through fine filter papers 
in tank-type pressure filters. (Fig. 5) 

The next step in the process is evaporation and 
crystallization to produce the salt; ammonium 
beryllium fluoride. This operation is carried out in 
a continuous, automatic, vacuum salting evaporato! 
Crystallization of the salt is affected by the stoichio- 
metric balance of ammonium, beryllium, and fluo- 
ride ions: therefore, the clarified filtrate must be 
checked for ammonium fluoride balance prior to 
evaporation and crystallization. In the calcium car- 
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bonate treating operation, some ammonium fluoride 
is lost, and this loss must be replaced at this point 
in the process. Ammonium fluoride is added in the 
form of a solution that has been processed through 
the same purification operations as the main liquor 
stream. The evaporator is constructed of rubber- 
lined steel, with all process piping either polyvinyl- 
chloride or Haveg. The external heat exchanger is 
of graphite construction. These precautions in equip- 
ment construction are necessary in order to elimi- 
nate any possibility of recontamination of the pro- 
cess liquors. The evaporator operates at a tempera- 
ture of approx 50°C and is fully automated. Salt 
crystals produced in the evaporator body are re- 
moved continuously by a Bird solid bowl centrifuge 
The salt-free filtrate is returned continuously to the 
evaporator body, with a small mother liquor bleed- 
off. The ammonium beryllium fluoride salt feeds 
continuously to a drier, and the dry salt is conveyed 
to an epoxy-lined storage hopper. (Fig. 6) 

In the next processing operation, the ammonium 
beryllium fluoride salt is decomposed thermally into 
its two component parts: ammonium fluoride and 
beryllium fluoride. This reaction is carried out in 
induction-heated furnaces, with all furnace parts 
that come in contact with the salt or beryllium 
fluoride constructed of graphite. These furnaces are 
charged continuously by feed conveyors from the 
storage hopper. At the furnace operating tempera- 
ture of 900°C, the ammonium fluoride is driven off 
as a gas and absorbed in water. The gas absorber 
consists of a packed tower in series with a water- 
flushed electrostatic collector. The ammonium fluo- 
ride solution recovered in this operation is acidified 
with hydrofluoric acid and returned to the hydroxide 
dissolving step at the head of the process. (Fig. 7) 

The beryllium fluoride flows continuously as a 
liquid from the bottom of the furnace crucible 
through a bubble-cap-type gas seal. This fluoride 
stream falls onto water-cooled casting wheels where 
the beryllium fluoride solidifies in the form of 
roughly-hemispherical chunks about the size of a 
tennis ball 

The beryllium fluoride product from the five de- 
composition furnaces is conveyed continuously to 
an automatic batch weighing station. At this station, 
the beryllium fluoride lump is discharged into stain- 
less steel charge containers. When the charge con- 
tainer has received an amount equal to one reduc- 
tion furnace batch charge, it is automatically re- 
moved and replaced by an empty container! 


Fluoride to metal 


The beryllium fluoride is reduced to beryllium 
metal in induction furnaces provided with graphite 
crucibles. The reducing agent is high-purity magne- 
sium metal, which is charged to the furnace in lump 
form, the lumps being approx 1-in. cubes. Although 
the reduction reaction takes place a little below 
1000°C, the entire charge must be heated to nearly 
1300°C to permit coalescence of the beryllium into 
pieces large enough to recover in subsequent opera- 
tions. In order to assure smoothness of reaction and 
also to simplify metal-slag separation later on, ex- 
cess beryllium fluoride over that stoichiometrically 
equivalent to the magnesium is used in this reduc- 
tion reaction. The amount of magnesium charged is 
stoichiometrically equivalent to only about 75 pct 
of the beryllium fluoride charge. (Fig. 8) 

Metal and slag are poured together from the re- 
duction furnace into graphite receiving pots. After 


the metal-slag mass has solidified, it is crushed in a 
hammer mill and then water leached in a ball mill 
During milling, a continuous flow of leach water is 
pumped through the ball mill and out into settling 
tanks. This water stream flushes the more friable 
magnesium fluoride slag out of the mill during 
grinding, finally leaving just the slag-free beryl- 
lium lumps and steel grinding balls in the mill. The 
ball mill load is passed over a magnetic separator to 
remove the grinding balis, which are recycled to the 
next ball mill charge. The beryllium pebbles, after 
magnetic separation, are ball milled again in a 
smaller mill with dilute acetic acid for final slag 
removal and clean-up 


Final operation 


The final operation in the process for producing 
nuclear-grade vacuum-cast billet is vacuum casting 
The vacuum casting furnaces have a_ beryllium 
metal capacity of approx 75 to 80 lb. The melting 
crucible is made of beryllium oxide, and the charge 
is heated directly by induction. The purpose of this 
operation is mainly to remove residual magnesium 
metal and slag. The average assay of pebbles charged 
to the vacuum casting operation is 96.5 pct Be. The 
finished castings, which are poured in graphite 
molds, will assay in excess of 99.5 pct Be. The mag- 
nesium content of the pebbles charged to the furnace 
may be as high as 2 pct, while the magnesium con- 
tent of the finished casting will not exceed a few 


hundred ppm. (Fig. 9) 


REDUCTION 


Fig. 8 (above) —Induction furneces for reduction of beryllium 
fluoride with magnesium. Fig. 9 (below)—Vocuum costing 
furnoces. 
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HIGHER PURITY 


INGOT CERIUM FROM MOLTEN SALTS 


Based on the experimental results obtained at the Reno Metallurgy Research Center 
of the US Bureau of Mines, an evaluation of several critical factors in the electrowin- 
ning of cerium from molten salts is presented. 


bp marked interest being shown in molten-salt 
systems is amply demonstrated by the large 
number of papers in recent scientific literature 
Many references pertinent to electrolytic produc- 
tion of rare-earth metals have already been pre- 


ented by Morrice in two reviews 

In many ways the electrowinning of metals from 
molten salts is still an art rather than a science 
Most of the data available for work in aqueous 
mediums—electrical resistivities, solubilities, etc 


have to be measured for each molten-salt system, 
since they are unknown. The need for this basic re- 
search has been of much concern to the scientific 
world. A recent editorial in the June 1959 issue of 
the AIME JOURNAL OF METALS states the case very 


well 


Fig. 1—Controlled atmosphere-temperature-pressure (CATP) cap 
sule. Present temperature operating range, room to 1600°C 


B. PORTER, E. S. SHEDD, C. WYCHE, J. D. MARCHANT, and 
R. G. KNICKERBOCKER are with the Reno Metallurgy Research 
Center, US Bureau of Mines, Reno, Nev. This paper wos presented 
ot the 1960 AIME Annual Meeting 
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by B. Porter, E. S. Shedd, C. Wyche, J. D. Marchant and R. G. Knickerbocker 


The Reduction and Refining Research Group of 
the Reno Metallurgy Research Center of the US 
Bureau of Mines is engaged in preparing higher 
purity rare-earth metals. Table I presents the anal- 
ysis of one typical sample of cerium metal prepared 
at Reno 

This paper reports some of the basic work being 
done concurrently to help place this laboratory pro- 
cedure on a sounder scientific footing. 


Apparatus 


A) Cerium Electrowinning Unit: The electrowin- 
ning cell and the controlled atmosphere box cur- 
rently in use were described previously’. In brief, 
the cell consists of a molybdenum cathode, carbon 
anode, a suitable graphite container, and a molten 
bath prepared from a mixture of 12 wt-pct Ba, 15 
pet Li, and 73 pct cerium fluorides. The entire cell 
is inside a steel gloved box in which the requisite 
inert atmosphere can be maintained. Services are 
introduced through vacuum-tight fittings, and 
necessary manipulations can be made through 
gloved ports. 

B) Controlled Atmosphere - Temperature - Pres- 
sure (CATP) Capsule: A CATP capsule intended for 
use in smaller scale investigations was designed 
and built, as shown in Fig. 1. It consists of a steel 
cylindrical work chamber that is 24 in. in diam and 
34 in. in height and has a steel plate welded across 
the bottom. The top closure is made by means of a 
plexiglas hemispherical dome, or a steel one, that 
seals against an O-ring. The CATP capsule is pro- 
vided with gloved ports, vacuum valves for gas 
sampling, thermocouple lead—throughs, and power 
leads for resistance and induction heating. Evacua- 
tion of the chamber is achieved by a combination of 
mechanical and diffusion pumps. 

Much of the work reported here was done in this 
capsule, which has proved satisfactory for tempera- 
tures that were as high as 1600°C inside the cells 
used for the experimental investigations The re- 
mainder of the experimental work was carried out 
in the cerium electrowinning unit. 

C) Equipment for Measurement and Control of 
the Atmosphere: Moisture content of the cell gas is 
measured by a moisture monitor that can detect as 
little as 1 ppm of water in a gaseous atmosphere 
Oxygen, carbon dioxide, and carbon monoxide are 
measured with precision gas-analysis equipment 
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that gives a minimum reading of 0.1 pct. To afford 
a quicker analysis of the oxygen content of the 
working atmosphere of a cell in operation, a Kwik- 
Chek calibrated for a minimum reading of 0.25 pct 
is employed. To allow an overall test of the quality 
of the inert atmosphere in the gloved box, the ther- 
mal conductivity of this gas is compared with that 
of pure reference gas by using a gas maste! 

A larger cell is:necessary if a product that will 
lend itself to significant tests is to be obtained. A 
large, single ingot, once trimmed, would presuma- 
bly be more homogeneous than those prepared in 
small-scale laboratory experiments. Such a cell is 
being constructed at the Reno Metallurgy Research 
Center. 


Experimental 

A) Oxygen Gas Found in the Cell Atmosphere: 
During some of the electrolyses to produce cerium 
metal from molten salts, routine monitoring of the 
gloved-box atmosphere has shown the presence of 
oxygen gas in small amounts. Before operation of 
the cell is begun, the box atmosphere is changed 
enough times so that a zero content of oxygen, car- 
bon monoxide, and carbon dioxide is indicated on 
the instruments previously described. As the cham- 
ber then is ready for use with inert atmosphere, 
either helium or argon, the direct-current source is 
activated. 

A series of experiments has been conducted to 
locate the source of this oxygen as follows: 


1) Acold Vycor container was placed in a helium 
atmosphere inside the gloved box and vacuurn-dried 
cerium dioxide was fed into it. 

2) Experiment 1 was repeated, using a cold 
graphite container in place of the inert one. It was 
again repeated, with the graphite container held at 
a temperature of 835°C. Cold, vacuum-dried cerium 
dioxide was fed both by hand and by means of a 
vibra-screw mechanism used to feed the electro- 
winning cells currently under study. 

3) The undried cerium dioxide was heated in a 
graphite container at temperatures over 800°C in 
an inert atmosphere. 

4) The vacuum-dried cerium dioxide was fed 
into the molten electrolyte used to produce cerium 
metal, which was contained in a graphite crucible 
The atmosphere was argon. Electrolysis was not at- 
tempted in this experiment. 

5) Experiment 4 was repeated, followed by elec- 
trolysis of the melt to produce cerium metal. 

Only in some of the experiments of type 5 was 
molecular oxygen detected. In experiment types 2, 
3, and 4, small amounts of carbon monoxide and 
dioxide were detected. Samples of the gaseous at- 
mosphere, in which cerium was produced, were 
sent for analysis by mass spectrometer. The first 
results showed that the ratio of nitrogen to oxygen 
in these gas samples is not that of air. The analysis 
of a recent gas sample confirmed the original re- 
sults—Table II. 

B) Valence of Cerium Reduced in the Electro- 
winning Experiments: Table III presents some data 
obtained in one typical electrowinning experiment 

It is entirely possible that neither ion valence is 
the only one reduced. An easy calculation, based on 
the assumption that the metal produced in this run 
is equivalent to 100-pct current efficiency, indicated 
that the effective valence of the species reduced to 
form the cerium metal is approx 3.6. This was de- 


Table | Analysis of One Typical Somple of Cerium Metal 
Prepared at Reno 


Elements Weight Pet 


0.02 


0.01 
0.004 
0.002 


Total rare earths other 
than cerium 

0.016 

0 036 

0.0003 


* Spectrochemical analysis 
*» Vacuum fusion analysis 
Not detected 
Not analyzed 


Table I!. Mass Spectrometric Analysis of Gas Taken From 
Area Above the Cell During Electrowinning in CATP Capsule 


Mol, Pet 


Sample 


Sample 
n 


Identity 


0.06 
042 
0.20 
0.41 
89 63 
945 
0.04 


100.00 100.00 


0.10) (0.15) 


* Bath molter instruments show absence of impurities prior to 
start of electrolysis 
» During electrolysis, note N/O ratio less than unity 


Tentatively identified only 


Table III. Data Obtained in One Typical Electrowinning 
Experiment for Preparation of Higher Purity ingot Cerium Metal 


Weighted avg amperage (dc) 250 amp 
Time of electrolysis 132 min 
Cerium metal recovered 797 « 
Cerium dioxide fed 97l« 


From these data the following has been calculated 


Faradays used in this experiment 

Theoretical yield based on reduction of only quad 
rivalent ions* 

Theoretical yield based on reduction of only tri- 
valent ions* 

Pct theoretical yield ‘quadrivalent basis 

Pct theoretical yield ‘trivalent basis 


* Not intended to imply that this is the actual form of the ion 


present in the meit 


termined in spite of the fact that enough quadriva- 
lent ion, in the form of cerium dioxide, was intro- 
duced into the bath during the run to account for 
production of 790 g of cerium metal. 

In another run cerium dioxide was not added to 
the cell bath, but cerium metal was produced con- 
tinuously (at a very poor current efficiency), estab- 
lishing the fact that reduction of trivalent cerium, 
introduced into the original bath in the form of 
CeF,, is possible 

Experiments now in progress are expected to 
furnish the data required to decide whether triva- 
lent cerium ions alone, or a combination of tri- and 
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quadrivalent ions, are reduced to cerium metal in 
the electrowinning cell. 


C) Nodule Formation: This phase of the project 
is one of the most important. From the 56 electro- 
winning runs made at Reno, the following outlined 


trends have become apparent 


1) Nodule formation, as opposed to formation of 
one large ingot, appears to take place a) when ox- 
ide feed into the bath is intermittent, and b) when 
the electrolytic current is interrupted 


2) Use of a skull technique (that is, formation of 
a layer of frozen bath on the sides and bottom of 
the graphite container to prevent cerium from con- 
tacting it) has resulted in large, single ingot forma- 
tion In some experiments. In other experiments, it 
had little effect, and the product was a multitude of 
mall nodules 


D) Analysis of Cerium: The analysis of reactive, 
high-purity metals has been the subject of much 
continuing effort. Both metallic and non-metallic 
impurity concentrations have been shown to be im- 
portant in evaluating the quality of the metal pro- 
duced. Several methods of attack being employed 
by the Reno Metallurgy Research Center are listed 


1) Spectrochemical determination: The sensitiv- 
ity of methods now available does not seem ade- 
quate for the analysis of high-purity metal, since in 
many instances values must be quoted at less than 
a figure in the second decimal place 


2) Nonmetallic impurities (Carbon, sulfur, oxy- 
gen, hydrogen, and nitrogen, in whatever form they 
may take in the metal): At present, only carbon 
and sulfur have been determined at the Reno Met- 
allurgy Research Center. Because standards were 
lacking, these analyst were based on samples of 
iron certified by the National Bureau of Standards 
Burning the cerium metal sample in a crucible con- 


taining an iron accelerator was expected to provide 


enough similarity in matrix to allow a sensible ac- 


curacy n tl determination Precision of the 
method of the order of +0.003 pct absolute. The 
ulfur content of all analyzed Reno electrocerium 


was of the order of 0.002 pet, and the carbon con- 
tent ranged from 0.005 pct to as high as 0.2 pet. One 


major complication in these analyses was the lack 


of homogeneity of samples produced in a single 


3) Neutron activation analysis: Samples were 
ubmitted to Oak Ridge for analysis. Some of the 
difficulties involved in analyzing cerium by this 
method are being investigated, and the results 


v .en released) should be reliable 


4) Metallographic examination: Examination of 
the cerium metal, which was begun only recently, 
indicated that the impurities are concentrated in the 


grain boundaries 


5) Electrical conductivity: Precise measurements 
of the electrical conductivity of high-purity poly- 
crystalline samples of the Reno cerium at tempera- 
tures near that of liquid helium have been under- 
taken to evaluate the relationship between this 
property and the purity of the metal. Matthiessen’s 
rule’ would indicate the possibility of such a rela- 


tionship which has been demonstrated for gold’ and 


copper, silver, and aluminum In general, this 
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method has proved sensitive only to impurities that 
exist as solid solutions 


Discussion 

Only a few of the basic factors involved in elec- 
trowinning rare-earth metals are discussed herein 
Obviously, much remains to be completed before 
this laboratory procedure can be turned into an 
economically feasible process 

A) Apparatus: The reactivity of rare-earth met- 
als is well known. Moisture, air, etc., all react with 
cerium metal, so that it becomes necessary to con- 
duct experiments either in helium or argon atmos- 
pheres. The degree of success in achieving such an 
inert atmosphere in large measure determines 
whether the metal produced is valuable. 

B) General Considerations: A comparison of the 
electrowinning of cerium and aluminum metals 
discloses many similarities and some important 
differences 

1) In each instance the composition and purity 
of the carbonaceous anode are of primary import- 
ance. Any impurities in the anode eventually find 
their way into the metal produced. The removal of 
many of the impurities from the anode can usually 
be accomplished by graphitization. This procedure 
creates other difficulties because of the high thermal 
conductivity of graphite. The aluminum cell, sacri- 
ficing purity as required to keep the cell in opera- 
tion, uses a carbon anode. When higher purity ce- 
rium is prepared, the cell arrangement may have to 
accommodate a high heat loss. One alternative to 
the use of dc heating solely would be a provision for 
internal ac heating. The use of such a setup might 
require care in avoiding any possible interference 
between the de and ac electrical circuits in the cell 

2) In each instance the cell container is a decid- 
ing factor. The aluminum cell, with a carbonaceous 
bottom and sidewalls, employs a frozen bath layer 
on the walls in a modified skull technique that is 
very effective. The bottom of the cell, being the 
cathode lead, cannot be covered by solid bath but 
must be open to the molten aluminum. In the larger 
cerium cell, it may be possible to arrange a more 
complete skull, with or without internal ac heating, 
to prevent reaction of the cerium metal with the 
container. The amount of impurities, both metallic 
and nonmetallic, introduced into the metal by con- 
tact with carbon or graphite is a matter of continu- 
ing research 

3) Both electrowinning cells use fluoride-base 
molten baths and feed oxides into the melt. In each 
cell the need for continuous oxide feed-mechanisms 
is self-evident 

4) One significant difference between aluminum 
and cerium is that the aluminum cell is operated 
essentially open to air 

5) A major difference is the fact that cerium 
may exist in the molten bath in both tri- and 
quadrivalent form, but virtually all the aluminum 
is trivalent except a small amount that is mono- 
valent. This statement does not mean that trivalent 
or quadrivalent ions, as such, actually exist, since 
they probably would be in the form of complex ions 

C) Oxygen Gas Found in the Cell Atmosphere: 
The experiments here outlined seem to preclude an 
air leak into the controlled atmosphere chamber as 
the source of oxygen found after electrolysis is 
started in the cell. Absorption, adsorption, and en- 
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trainment of air as the oxide is fed into the cell also 
seem improbable. One is forced to conclude that 
oxygen is formed as part of the electrolytic opera- 
tion. This conclusion, while at first startling, is not 
unreasonable and was reached during operation of 
some aluminum reduction particularly at 
anode effect’. Hence, the production of molecular 
oxygen may be a function of the anode current den- 
sity and also a function of the quality of the carbon 
or graphite anode used in the electrolysis 

If one assumes that the oxygen is produced as 
part of the electrolysis, the next problem is to 
locate its source. Two possibilities appear most 
prominent: 1) electrolysis of residual water in the 
melt, or 2) electrolysis of an oxygen donor formed 
on addition of the feed oxide to the molten bath. At 
present, there is no evidence to allow differentiation 
between these possibilities. At any rate, the forma- 
tion of oxygen at the electrode does not invalidate 
the method, the aluminum reduction cell having 
been operated for extensive periods of time with 
similar problems 

The importance of this molecular oxygen forma- 
tion is easily understood. It attacks the hot carbona- 
ceous anode and weakens it by reacting both below 
and above the melt line. It can alter the gaseous 
atmosphere around the anode and in so doing can 
cause interruption of the electrolytic current. It 
reacts with any metal that has lost its cathodic pro- 
tection, causing a loss of product. Experiments are 
being conducted to allow evaluation of these pos- 


cells, 


sibilities 


1D) Valence of Cerium Reduced in the Electro- 
winning Experiments: Two valence states of cerium 
in the cell bath complicate any identification of the 
actual ion forms in the molten salt bath and make 
calculation of current efficiencies difficult, if not 
impossible 

The possibility of electrolytically reducing the 
trivalent ion form in the melt opens new vistas. It 
may be possible to use cerium dioxide that has been 
partly or completely reduced to the trivalent form 
by a carbothermal reaction, or some other mechan- 
ism, in the cell before the electrolysis. An alterna- 
tive is to feed the trivalent oxide directly into the 
cell bath. A third possibility is the use of trivalent 
feed but not in an oxide form. All of these possi- 
bilities remain unevaluated at the present time 


E) Nodule Formation: In any evaluation of a 
sample, the assumption must be made that it is 
representative of the whole. When the metal is in 
the form of many small nodules, this criterion can- 
not be met without remelting the nodules. Remelt- 
ing probably would change the properties of the 
metal and produce results that could not then be 
related to its original state 

Nodule formation is characterized by lack of 
homogeneity (shown by chemical analysis) between 
samples in a single experimental run. The compari- 
son between runs is even less likely to produce sig- 
nificant information about factors that are import- 
ant in the experimental procedures 

The exact causes of formation of nodules rather 
than a single large ingot have not yet been deter- 
mined. The trends outlined in the experimental 
section, however, afford a basis for speculation 


1) Intermittent feed probably results in changed 
bath properties, when the oxide is added. In par- 
ticular, the surface tension of the melt would be 


expected to change as the oxide dissolved. If the 
melt then withdraws from its normal intimate con- 
tact with the anode, it would probably cause inter- 
ruption of the electrolytic current, followed by a 
temperature rise at the anode surface. These effects 
have been noted in aluminum reduction cells 
Local saturation of the melt may also cause similar 
changes in its character, leaving undissolved solids 
floating on or suspended in the liquid 


2) If the metal comes into contact with carbona- 
ceous material when not connected to the cathode, 
the reaction may change the surface character of 
the liquid metal, preventing agglomeration into a 
large ingot. 


3) Interruption of the de for any reason has sev- 
eral possible effects, all of which result in loss of 


product. The electrowinning procedure forces the 
cerium ion, whatever its state and form in the bath, 
to be reduced to metal. Removal of the cathodic 
protection from the metal in contact with the cath- 
ode permits spontaneous reversal of the reduction 
step, and the metal returns to the ion form in the 
melt. A reaction between the cerium metal and the 
bath also is expected when the metal drops away 
from the cathode 

The above discussion reemphasizes the need for 
further basic research to determine the physical 
properties of the materials as used in preparing 
higher purity reactive metals 


Summary 


1) Apparatus for electrowinning highet 
ingot cerium and the equipment used for measure- 
ment and control of inert atmosphere have been 


purity 


described 


2) Oxygen gas has been identified in the argon 
and/or helium atmospheres used in the electrowin- 
ning chambers. Its source apparently has been 
traced to the electrolytic reaction itself 


3) The evidence presented indicated that quadri- 
valent ions alone could not be the species reduced 
electrolytically to cerium metal. Either trivalent 
ions alone, or a combination of tri- and quadrivalent 
ions, are reduced to the metal at the cathode in the 
cerium electrowinning cell. 


4) Several possible reasons for the formation of 
small nodules rather than a large ingot of cerium 
were examined 

5) The present state of analysis of higher purity 
reactive metals was outlined 


6) The electrowinning procedures for aluminum 
were compared with those for cerium metal from 
fused fluoride-base melts 


References 


E. Morrice, C Yyche, and R. G. Knickerbocker: Electrowin 
ning of Cerium. Paper presented at the February 1959 meeting of 
the AIME. San Francisco, Calif 

E. Morrice and R. G. Knickerbocker: Rare-Earth Electrolytic 
Metals. Paper presented at the November 1959 meeting of the 
ASM-AEC Symposium, Chicago, Il 

Journat of Merats AIME Editorial, vol. 11 6 p. 363 
June 1959 

‘A. Matthiessen: Annalen der Physik und Chemie, Leipzig, vol 
7, 1864, pp. 761, 892 N 

J. O. Linde: Annalen der Physik ni. 10, 1931, p. 52; Ibid, vol 
14, 1932, p. 353; Ibid, vol. 15, 1932, p. 219 r 

J. E. Kunziler and J. H. Wernick: AIME Trans., vol. 212, pp 
256-860, Dec. 1958 

M. Mashovets. M. F. Dogramadzhi, and E. M "lorinskaya 
Journal of Applied Chem USSR). vol. 25, 1952, pp. 1023-1030 


OCTOBER 1960, JOURNAL OF METALS—801 


: 
=e 
‘Sa 
: 
Puy 
| 
| 
4 


ELECTROLYTIC COBALT 


IN KATANGA 


One of the world’s most important cobalt producing regions ts Katanga, 
where copper-cobalt ores, mined and concentrated by the Union Miniere 


This is another of the papers 
presented at the International 
Symposium on the Extractive 
Metallurgy of Copper, Nickel, 
and Cobalt, held during the 
1960 Annual Meeting. Com- 
plete text and discussion of 
all papers presented at the 
five-session Symposium will 
be available at the end of the 
vear as one of the continuing 
series of volumes published 
by Interscience Publishers, 
Inc., for The Metallurgical 
Society 


du Haut-Katanga, are treated for the recovery of these metals at the firm's 
Jadotville plant. This is a description of the processes employed, with par- 


ticular emphasis on cobalt 


ining rights of a large area of south-eastern 
Katanga have been granted to the Union Mini- 
ere du Haut-Katanga. This area borders the Rho- 
desian Copperbelt and has large copper deposits 
Current mining operations deal with a mixed 
oxide-sulfide orebody with dolomitic gangue. Treat- 
ment follows the classical concentration pattern 
ulfide flotation with ethyl xanthate, and oxide re- 
covery with amyl xanthate after superficial sulfidi- 
zation by sodium sulfydrate. The sulfide concentrates 
assay from 40 to 60 pct Cu, depending on the dis- 
emination of the minerals; these concentrates con- 
tain about 2 pct Co, 30 pet Fe, and 13 pct 5S 
Oxide concentrates vary from 15 to 22 pet Cu. The 
average Co:Cu ratio of all the concentrates runs 
from 5 to 10 parts of cobalt to 100 parts of coppet 
Sulfide concentrates are sulfate roasted in a fluo- 
solid reactor to increase their solubility in a sulfuric 
acid solution (spent electrolyte) to about 97-98 pct 
for copper and 95-96 pct for cobalt The solubility 
of iron is relatively low 
Oxide concentrates are also submitted to a sul- 
furic-acid leach, but in these materials about 80 pct 
of the cobalt is in the trivalent form, which ts in- 
soluble in sulfuric acid solutions. Leaching 1s done 
by means of spent electrolyte from coppet elec- 
trolvsis which contains ferrous sulfate as a reducing 
agent for the trivalent cobalt ion The conditions of 
the closed-circuit copper electrolysis are such that 
about 50 pct of the total iron sulfate of the spent 
electrolyte is in the divalent form. However, in some 
eases the amount of ferrous ion is not sufficient and 
powdered copper is then added to the leaching 
vessels to reduce the ferric ion to the ferrous form 
this manner leaching of 96-97 pct of the cobalt 


M. A. BOUCHAT and J. J. SAQUET are with the department of 
research of the Union Miniére du Haut-Katango ot Elizabethville, 
Congo Republic. This paper was presented at the 1960 AIME 
Annual Meeting as a part of the International Symposium on the 
Metallurgy of Copper, Nickel, and Cobalt 
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Summarized from a paper by M. A. Bouchat and J. J. Saquet 


contained in the concentrates is ensured in all cases 

Fig. 1 shows the flow of materials in the coppe! 
circuit. Leaching takes place in six rows of fou! 
pachucas of 40 cu m capacity each; leaching time is 
4 hr. After separation of the sandy part of the solids 
in Dorr classifiers, the solution flows by gravity to 
primary thickeners, followed by secondary thick- 
eners and silica gravel filters. Sedimentation of the 
solids is favored by the addition of the flocculation 
agents known as Jaguar and Separan 

The thickened pulps are washed by counter-cur- 
rent decantation, and the clear solution flows to the 
480-cell copper electrolysis hall, the capacity of 
which is some 130,000 metric tons of copper per 


year 


Copper removal in cobalt circuit 


A part of the overflow of the first washing thick- 
eners, containing 40 gpl Cu and 20 gpl Co, is diluted 
and diverted to the cobalt circuit. The amount Is 
determined by the cobalt equilibrium in the copper 
solution—in the long run a tonnage of cobalt equi- 
valent to the tonnage dissolved—and the volumetric 
equilibrium of the copper circuit. This solution, 
together with recovered wash waters, makes up 
the feed of the cobalt circuit. The total volume is 
about 40,000 cu m per month. 

A three-stage process (Fig. 2.) 1s used to strip 
copper from the solutions. The first step is a coppe! 
electrolysis which is separate from the main copper 
electrolysis and operated at a lower current density 

15 amp per sq ft. Copper content of the solutions 
is reduced from 40 to 5 gpl. The partially decop- 
perized solution is high in free sulfuric acid—70 gpl 

and is used to leach copper-cobalt ores in a sepa- 
rate section. 

This ore is coarsely ground in another section of 
the plant and fed to a row of four leaching pachucas 
as a pulp at a dilution of approx 1 liter of water to 
1 kg of solids. Leaching is completed with about 15 
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gpl of free acid in solution to ensure a good dis- 
solution of both copper and cobalt in particles below 
35 mesh. Most of the latter metal is also trivalent, 
and the process of its dissolution has been explained 
above. 

After this leaching the pulp flows by gravity to a 
bowl classifier, where the coarse particles are sepa- 
rated and sent to the leaching pachucas of the cop- 
per circuit with stronger acidity. A complete ex- 
traction of copper and cobalt—even in sandy par- 
ticles up to 35 mesh—is thus ensured. 

The classifier overflow is separated into two parts 
The first part flows to two 70-ft diam thickeners 
linked in series; flocculents are added to ensure a 
good clarification. The clear solution is sent back to 
the copper stripping electrolysis where ferrous iron 
is regenerated. This solution is recirculated to the 
leaching section, yielding more ferrous iron, which 
becomes available for the leaching of trivalent co- 
balt. 

The second part of the classifier overflow, calcu- 
lated to balance the volume of this closed-circuit 
second leaching electrolysis circuit, is mixed with 
the pulp underflow from the thickeners, mentioned 
above, and with a copper hydrate containing cobalt 
produced by a further step of the process (see Fig 
2). By adding a milk of lime to a controlled pH of 
about 3.3, most of the iron in solution is precipitated 
as ferric phosphate and ferric hydrate. The reaction 
takes place in a row of three 40-cu-m capacity 
pachucas 

The pulp is then sent to counter-current decanta- 
tion washing; the pulp of the last thickener is sent 
to waste; and the overflow of the first thickener 
goes to another row of seven pachucas for further 
copper removal by the addition of lime. This addi- 
tion is automatically regulated by means of a pH 
meter actuating a value situated on a pipe feeding 
the lime. Copper precipitation is limited in this step 
by setting the pH at a value of about 5.0. In this 
way excessive cobalt co-precipitation is avoided 

After the reaction, the pulp is thickened in two 
70-ft thickeners, and—as said before—the under- 
flow, after filtration on three 8x12 ft vacuum drum 


Fig. 1—Flow-sheet of copper circuit 


filters, is sent to the copper circuit for the precipita- 
tion of iron phosphate; the filtrate goes back to the 
thickeners mentioned above. After this step, the 
solution still contains 1 gpl of copper 

The operation also requires a second step of pre- 
cipitation of copper by a milk of lime in two Dorr 
agitators of 80 cu m capacity each. The final pH is 
automatically regulated to a value of 6 to 6.2. Dur- 
ing this step co-precipitation of appreciable amounts 
of cobalt takes place—about | Ib of cobalt for 3 to 
4 lb of copper. After thickening, the underflow, con- 
taining copper and cobalt hydrates, is mixed with 
the pulp from the leaching of the ore; in that way 
the free acid of the latter is beneficiated to dissolve 
the copper and cobalt hydrates of the former 

The overflow of the thickener, after acidification 
to a pH of 2.5 to accelerate the reaction, is passed 
through beds of calibrated cobalt granules where 
cementation of the copper takes place. After cemen- 
tation, the copper content of the solution is reduced 
to 0.0010 gpl compared with 10 gpl of cobalt. 


Cobalt precipitation 


The purified solution is too dilute in cobalt to be 
fed to a closed electrolysis circuit; so, the cobalt 
sulfate is precipitated with a milk of lime at an 
automatically regulated pH value of 8.3. The reac- 
tion is carried out in three 12x7-ft Dorr agitators, 
and the precipitate is thickened in three 70-ft diam 
thickeners. The overflow, which contains 5 to 6 gpl 
magnesia and 0.4 gpl manganese, both in the form 
of sulfates, goes to waste. With the cobalt are pre- 
cipitated the zinc and nickel in the solution and 
about 50 pct of the manganese 

The thickened pulp is a mixture of metallic hy- 
drates and calcium sulfate. It is still very dilute 
only 100 to 150 g of solids per liter of solution—and 
the solids must be filtered out in order to discard as 
much water as possible before introduction into the 
closed cobalt electrolysis circuit. This filtration takes 
place on four eight-disc Dorr Oliver filters. A so- 
called blue cake, about 10 mm thick, is obtained. It 
has a high water content: only 1 part of solid for 2 
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Fig. 2—Flow-sheet of de-ferrisation and de-coppering sections 


parts of water by weight. Since the solids average 18 
pet Co, about 11 cu m of water per metric ton of co- 
balt is introduced with the cake. Consequently, the 
volumetric equilibrium of the cobalt electrolysis 
circuit is out of balance 

Up to now, the excess of solution is precipitated 
by milk of lime. But this creates a supplementary 
consumption of reagents: milk of lime for the re- 
precipitation of cobalt and sulfuric acid for the 
further redissolution of this cobalt hydrate. Another 
more economical process will be started soon in 
order to absorb this excess of volume: the blue cake 
will be filtered on vacuum drum filters instead of 
dise filters, and the water retained on the cake will 
be displaced by spent electrolyte sprayed on the 
surface of the cake. In that way the clear water can 
be expelled from the cake and join the wasted fil- 
trate. Moreover, the amount of water introduced 
into the cake can be regulated by varying the 
amount of solution fed onto the cake. However, the 
intended displacement of the water is not ideal, and 
in practice, this secondary filtrate will contain a 
certain amount of solution. Hence, it must be sent 
back to the cobalt precipitation section, but this new 
technique will reduce by 80 pct the amount of co- 
balt re-precipitated and reagents consumed 


Cobalt electrolysis 


Fig. 3 shows the flow of materials in the cobalt 
circuit. Blue cake is repulped by means of spent 
electrolyte which has a pH value of 3.0. Sulfuric 
acid must be added in proportion to the excess of 
lime and the presence of non-reactive magnesia in 
the cake 

The quantities of cake, electrolyte, and acid are 
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proportioned in order to obtain only a partial dis- 
solution of the cobalt hydrate. After this leaching, 
the solution is not clear, but carries a suspension of 
the calcium sulfate originally contained in the blue 
cake and a certain amount of undissolved cobalt 
hydrate. This pulp is fed into the cobalt electrolysis 
cells shown in Fig. 4: data on this unit is shown in 
Table I 

The electrolysis of such a pulp is made possible 
by blowing low-pressure air between the electrodes 
by means of a set of stainless-steel pipes. 

During electrolysis, the deposition of cobalt on 
the blank is accompanied by the production of a 
corresponding amount of sulfuric acid which tends 
to acidify the bath. The respective values of the 
potentials of deposition of cobalt and hydrogen show 
that it is impossible to deposit cobalt electrolytically 
in acid solution with a good current efficiency. But, 
in the Union Miniére process, solid cobalt hydrate 
stays in suspension. As soon as sulfuric acid is 
formed, it reacts with this hydrate, producing cobalt 
sulfate and water. This stabilizes the pH of the 
electrolyte at a value of 6.0 to 6.3 and maintains the 
amount of cobalt in solution unchanged during the 
electrolysis 

In such conditions, the metal forms some needles 
and nodules. To prevent short circuits, the cathodes 
must be lifted twice a shift and the needles scraped 
off by means of wooden sticks (Fig. 5) 

After four days of deposition, the cobalt remain- 
ing on the blank must be stripped by hammering 
(Fig. 6). In practice, the production is divided into 
three parts of nearly equivalent weight: the metal 
stripped from the blank at the end of the cycle; 
the needles scraped during the cycle of electrolysis; 
and small lumps of cobalt accumulated on the bot- 
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tom of the cells and mixed with calcium sulfate and 
manganese dioxide. The latter is first passed through 
a wet magnetic separator to remove the non-metal- 
lies. 

The cobalt from the electrolytic operation has the 
following analysis: 93-95 pct Co, 0.01 to 0.02 pet Cu, 
0.2 to 0.6 pect Mn, 0.8 to 1.5 pet Zn, 0.15 to 0.25 pet 
Ni, 0.12 to 0.2 pet S, 0.02 to 0.05 pct Pb, and 0.05 
to 0.08 pct Fe. It is obvious that this product is far 
from being pure; therefore, it must be fire refined. 


Impurities in cathodic cobalt 


Manganese: About 50 pct of the manganese dis- 
solved from the ores and concentrates is precipitated 
with cobalt at a pH of 8.3. This manganese is dis- 
solved and accumulates in the solutions of the co- 
balt electrolysis circuit. In practice, in a circuit in 
equilibrium, there is 1 g of Mn to 5 g of Co. 


This impurity is eliminated in three ways: 


a) with the solution sent back to the cobalt 
precipitation step; 

b) by the formation of a scale of manganese di- 
oxide on the lead anodes; this phenomenon is bene- 
ficial, for the deficiency of manganese in solution 
causes an unwanted deposition of cobalt trivalent 
oxide on the anode surface; 

c) by deposition on the cathode with the cobalt; 
it should be remembered that, in acid solutions of 
pH 2 and less, manganese is not deposited at the 
same time as the cobalt, even if the solution con- 
tains up to 20 gpl of Mn for 50 gpl of Co. 


Zinc: All of the ores treated normally contain a 
certain amount of zinc—1 to 2 parts of Zn to 100 
parts of Co. During all hydrometallurgical opera- 
tions, zinc goes along with the cobalt and is de- 
posited with the cobalt during electrolysis. Zinc 
is finally eliminated in the fire refining. 

Nickel: All of the ores processed by Union Miniere 
contain, not only cobalt, but also a certain amount 
of nickel. The ratio of Ni:Co is quite variable—from 
0.3 pet Ni to Co in the ores of the western zone of 
the concession to 5.0 pct in the eastern zone. Until 
now, we have not attempted to produce cobalt ab- 
solutely free of nickel, but we have fixed a max- 
imum content of nickel in cobalt metal at 0.25 pct 

The nickel removal process used is known as the 
De Merre process and is patented by the Sociéte 
Generale Métallurgique de Hoboken. The practice 
was described recently in several papers.“ Briefly, 
the process applies the preferential sulfidization of 
nickel. The reaction is carried out in contact with 
cobalt metal as a reducing agent, and elemental sul- 
fur or sodium sulfydrate as sulfidizing agent 

During electrolysis, the potential of nickel depo- 
sition is a little higher than the potential of cobalt 
deposition. As a result, the production of a cobalt 
containing 0.25 pct Ni is obtained with a ratio of 
1.00 pet Ni to Co in the solutions of the closed elec- 
trolysis circuit. These solutions are submitted to 
the De Merre process. In practice, we do not try to 
eliminate all of the nickel, but we strip only about 
50 pct of this metal and vary the amount of the so- 
lutions submitted to the nickel removal process so 
as to maintain a ratio of 1 pct or less of Ni to Co in 
the solution going to electrolysis. The selectivity of 
the reaction varies with the ratio of Ni:Co in the 
solution before purification and with the ultimate 
amount of nickel after purification 


Fig. 3—Flow-sheet of electrolysis and de-nickeling sections 


Table |. Electrolytic Cobalt Plant Data 


No. of cells 80 
Voltage per cell 5.0 ¥ 
Current density 40 amp ‘aq ft 
Space between electrodes of the 80 mm 

same polarity 
No. of anodes per cell 13 

6 pct Pb, 1 pet Sb 

of cathodes per cell 12 


700x 1000 mm 
750x 1030 mm 
88 pct 


anode 
of one cathode 
Current efficiency a5 


Characteristics of Electrolyte 


Solids in suspension 

pH inlet 

pH outlet 

Co 15-20 gpl 
3-5 gpl 
15 - 25 gpl 
6.10 - 0.20 gpl 
04-06 gpl 

Saturated in CaSO, 

Temp 


Lead: The amount of lead varies with the degree 
of oxidation of the surface of the anodes. It is re- 
duced by coating the anode surface with manganese 
dioxide, but a metal absolutely free from lead is 
never obtained 


Treatment of spent electrolyte 


The spent electrolyte is a pulp containing about 
40 gpl of solids. These solids are mainly CaSO,°2H,0, 
originating from the cobalt precipitation by a milk 
of lime; but there is still a small amount of cobalt 
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hydrate left which prevents any pH drop during 
electrolysi 

This cobalt is dissolved by acidifying the pulp to 
a pH of 3.0. The pulp is then thickened; part of the 
clear overflow goes to the nickel removal section, 
and after elimination of the sulfides, all of the solu- 
tion is again ready to repulp a new amount of blue 
cake and go to electrolysi 

The pulp from the thickeners is submitted to a 
double filtration on vacuum drum filters. Washing 
is done on the filter by means of clear water. A 
portion of the cake, which is essentially calcium 
ulfate with a small amount of manganese dioxide, 

dumped to waste, and the remainder is sent to a 
cement plant for the manufacture of special sul- 


fatized cements 


Pyrometallurgical refining 


The main purpose of fire refining is the elimina- 
tion of sulfur and zinc, but lead vanishes during the 
melt down, and manganese and phosphorus are ox- 
idized and scorified; copper and nickel are prac- 
tically unaffected. On the other hand, fire refining 
causes a pollution by iron and carbon from the 
electrodes, lining, and reagent Finally because of 
the necessity of producing well-shaped and compact 

ranules, a small quantity of silicon and aluminum 
must be added to the melt before granulation 

Melting furnaces: The plant is equipped with two 
Lectromelt CQ-type 2000-kva furnaces, each of 
7000 Ib theoretical capacity but in practice being 
overloaded to 12,000-13,000 lb of cathodes and re- 
turn products. Before the final refining stage, a new 
lot of 1500 to 2000 Ib of rejected or undersized 
‘rranules is top-charged. The 8-in. diam electrodes 
are equipped with an automatic impedance regula- 
tion of an electro-mechanical type on one furnace, 
and of the Amplidyne type on the other furnace 
The primary voltage is 6600 v, and the operator may 
elect the secondary voltage within the range of 85 
to 182 v between phas« 

The whole furnace lining is basic. The bottom is 
made of rammed material, and the walls are made 
vith magnesia brick which are low in iron—less 
than 0.50 pet Fe.O,. The roof is made of Austrian 
electromelted magnesia. Both the lining and the 
roof last about 80 to 100 melts 

Auxiliary Equipment: The melting and refining 


operations produce a large amount of fumes con- 
taining zinc, cadmium, and cobalt. These fumes are 
exhausted through a 0.6 sq ft slit situated between 
the roof and the wall, 45° away from the charging 
door on the opposite side of the column mast. An 
exhaust fan draws the fumes through a cyclone, a 
cooling vessel, and bag filters. The temperature of 
the fumes admitted to the bag filter is automatically, 


regulated between 70° and 120°C by the quantity 
of water sprayed in the cooling vessel 

Operating procedure: The furnace charge is made 
up of the following materials: 5000 kg of cathodes, 
00 to 800 kg of return scrap, and 700 to 1000 kg 
of discarded and undersize granules, making a total 


of 6200 to 6800 kg. The cathodes and scrap are 
charged in two parts. The first portion, weighing 
about 4 metric tons. is charged on top of a layer of 
150 kg of lime. This part charged by hopper bins 
which are upported by the crane so that the 
cathode can slide by gravity into the furnace 
through the lagging door. The second part is 


charged manually 
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Fig. 5 (above)—Scraping cobalt needles off mild steel blank. Fig 
6 (below)—Stripping cobalt off blanks by hammering 


The total length of the melting period varies be- 
tween 24 and 3 hr. During this period the oxygen 
content of the cathodes stimulates the slagging of 
manganese and phosphorus in the lime. Lead is 
totally volatilized at the end of the melting period, 
as 1s about 80 pct of the zinc 

After the melt-down, the slag is skimmed off as 
well as possible, and further zinc removal proceeds. 
This is done with small poles, about 4 in. in diam 
(Fig. 7). By repeated poling operations, each of 
about 15 min duration, followed by 15 min of heat- 
ing, the zine content of the bath is lowered to a 
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figure of less than 0.01 pct. The number of poling 
operations varies between two and seven, but gen- 
erally there are three or four, taking between 1 and 
3 hr. 

It is during the melting and poling periods that 
fumes containing zinc, cadmium, and cobalt are pro- 
duced and recovered in the bag filters, described 
earlier. 

After several operations, the slag should be 
skimmed off. Then a short de-oxidation with silico- 
calcium (1 kg) is required, and the bath is ready 
for desulfurization. This operation takes place in 
two or three steps. A slag is first built up with about 
200 kg of lime mixed with 40 to 50 kg of fluorspar, 
and about 15 kg of quartz as fluidizing reagents 
When the first slag is fluid, pulverized calcium car- 
bide is blown into the bath through a wooden pipe 
fixed to a water-cooled steel pipe. The blowing cools 
the bath so that the slag has to be fluidized again 
by warming-up before skimming. The deslagging 
must be done as soon and as completely as possible 
to prevent any chance of pollution. This first desul- 
furization eliminates 80 to 85 pct of the sulfur. A 
second slag is made up, and when it is fluid, pul- 
verized silico-calcium (33 pct Ca) is blown into the 
bath. Again, the deslagging must be done in the 
quickest way. Normally, these two desulfurizations 
last about 1 hr and draw 96 to 98 pct of the sulfur 
from the bath. The aspect of forged samples gives 
a good idea of the quality of the metal. If this test 
doesn’t show good results, a third desulfurization 
with silico-calcium is necessary. 

Owing to the desulfurization, the cobalt is pol- 
luted by carbon and silicon. To eliminate these im- 
purities, the bath must be oxidized. At this point 
700 to 1000 kg of rejected and undersize granules are 
top charged, and their remelting causes a slight ox- 
idation of the bath. Oxidation is completed with 
oxygen blown through a forged cobalt five hole 
tuyere 

The progress of the oxidation is controlled by 
checking the set of a small cobalt button. At the end 
of the oxidation, the carbon content is lower than 
0.01 pct, and the silicon is as low as 0.003 pct. Un- 
fortunately, the cobalt contains too much oxygen to 
be poured properly, and it must be reduced by the 
addition of 0.6 to 1 kg of silico-calcium-magnesium 
alloy. In order to avoid production of hollow gran- 
ules, some aluminum must also be added. These 
metals are added after warming the bath up to 
1620°C just before pouring 


The fire refining cycle is thus as follows 


Charging and melting 21-3 hr 
Poling 

Desulfurization 

Remelting of scrap 

Reduction 

Warming up before pouring 

Pouring 

Deslagging periods 


Total Time Required 


A power consumption of about 1400 kw per ton 
of products is required, and the consumption of 
electrodes is from 20 to 25 kg per ton 

Two conditions are needed to refine successfully 
the melting must be completed before any refining 
stage can be started, and the bath must be main- 
tained as clear as possible to avoid any pollution 


7 (above) —Poling the molten bath by means of wooden sticks 


8 (below)—Pouring refined cobalt into granulation tank 


after refining. This requires many deslagging 
periods. Deslagging is done as often a possible with 
wooden pieces. Rakes must be used if the slag is 
too heavy: they are cast from cobalt to avoid the 
introduction of iron into the bath 

The slags are crushed and then treated on a 
magnetic separator. The magnetic part forms the 
return scrap to be charged with the cathodes. The 


non-magnetic part, mainly lime with 10 to 18 pet 
Co. is sent to electric reduction furnaces where it 


is mixed with a copper-cobalt sinter to produce a 
cobalt-iron-copper alloy known as white alloy. In 
these reduction furnaces, the cobalt from the bag 
filter fumes is recovered with the loss of the con- 
tained zinc and cadmium 
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The refined cobalt is granulated in a tank, which 
can be moved on a track and which contains 15 cu 
m of water. A fresh water supply of about 70 cu m 
per hr is fed near the bottom of the tank, and a 
circulation pump takes in another 30 cu m per hr 
at about 50 cm from the bottom and spreads it out 
on the upper water level of the tank as can be seen 
from Fig. 8. It is into this water stream that the 
cobalt is poured. Moving the tank along the track 
prevents the metallic granules from heaping up be- 
low the pouring spout 

The granules are dried in a rotary furnace, 3.1 m 
in length and with a diam of 0.90 m. This furnace 
is lined with fireclay bricks and is oil fired. The 
granules leave this furnace at about 200°C 

They are then polished in two rotating steel 
drums without any lining and with a capacity of 
about 1 ton. To evacuate the oxide dust formed 
during polishing, the two ends of the drums are 
provided with 10-mm holes, connected to a fan 
Dust evacuation is improved by blowing dry ai 
through the hollow shaft of the drum 

After polishing, the granules fall onto a double- 
deck Gyrex screen, yielding a +6 mm —6 mm +6 
mesh, and an undersize fraction. The latter is re- 
turned to the furnace. The first two fractions leave 
the screen and drop onto a conveyor belt, the end 
pully of which is combined with a magnetic sepa- 
rator: all particles other than cobalt are discarded 
at this point. Along the belt conveying the +6 mm 
granules, a crew of four men pick out all badly 
haped, hollow, or other undesirable granules. Fi- 
nally, the granules are weighed on a semi-automati 
cale and put in 500-lb drums, ready for shipment 


Future projects 


At Luilu in Katanga, Union Miniére is building a 
new plant for the beneficiation of oxidized and sul- 
fide copper-cobalt concentrates. Generally speaking, 
the flow-sheet of the leaching operations is similar 
to that of the Jadotville plant, just described 

Changes mainly reside in the choice of modern 
equipment and especially in the introduction of a 


centralized process control. All chemical reactions 
will be automatically regulated by means of pH 
meters, densimeters, and flow meters; all of the 


indications concerning the different sections of the 
plant will be reported to a central dispatching room 
From this central room, an operator will modify the 
set points of the regulators, stop and start the ma- 
chines, pumps, and valves. This new plant, scheduled 
to start operations late in 1960, has been described 
in another pape! 

As far as cobalt is concerned, electrolysis will be 
performed according to new ideas. The goal is to 
produce marketable cathodic cobalt without any 
subsequent fire refining. Therefore, the cobalt solu- 
tien. after having been submitted to the first two 
teps of copper elimination with a milk of lime, is 
to be fed to a combined nickel-copper stripping step 

the De Merre process using sodium sulfydrate as 
a reagent. Thus, in this plant, the whole solution 
will undergo nickel elimination before being fed to 
the electroly Copper elimination is always com- 
plete, but the degree of nickel elimination can be 
varied according to the desired purity of the final 
product—0.10 to 0.25 pet Ni 

Thereafter, a precipitation of zinc by hydrogen 
sulfide will be carried out, the pH during 
ion being maintained at 4.5 to 5.0 by adding cal- 


the reac- 


cium carbonate as a buffer. In that way, we will 
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lower the zinc in solution from 300 to 1-2 mg per 
liter for a cobalt content of 20 gpl, and the co-pre- 
cipitation of cobalt will be very low 

The following step will be a cobalt precipitation 
by milk of lime, and, after thickening and filtration, 
a leaching of the blue cake at a pH of 6.5. This high 
pH has been chosen owing to the propitious inci- 
dence of an absorption phenomenon which precludes 
the dissolution of some traces of zinc that may have 
escaped the operation of zinc precipitation This 
phenomenon also precludes the dissolution of some 
zine contained in the lime used for the cobalt pre- 
cipitation. These traces of zinc and the zinc from the 
lime are returned with the leaching residues before 
the zinc precipitation step 

The leached pulp will be thickened and filtered, 
and the clear filtrate will be the feed of the elec- 
trolysis. Because of the acidification of the solution 
during electrolysis, a high circulation rate will be 
needed. But at a temperature of 60°C, when start- 
ing with a 50 gpl Co solution, a current efficiency of 
75 pet with a deposition of 5 g of cobalt per liter of 
solution will still be obtained. The pH in the elec- 
trolysis cell is to be about 1.5, and under these 
conditions, there will be no manganese deposition 
on the cathode. The manganese equilibrium in this 
circuit will be regulated by deposition of manganese 
dioxide on the anode. This deposition has a benefi- 
cial effect on the lead content of the cathodic deposit 

According to laboratory test, the intended metal 
should have the following composition 99.80 pct 
Co, 0.10 pet Ni, 0.01 pet Zn, 0 015 pet C, 50 ppm Pb, 
15 ppm Fe, 50 ppm 5S, 10 ppm Mn, and 50 ppm Cu 


Conclusions 


As can be seen, the hydro- and pyrometallurgy of 
cobalt at Union Miniére have made appreciable 
progress during the last few years The production of 
electrolytic cobalt started in 1944. However, until 
now the cathodes, produced in a pulp electrolysis 
process, have undergone fire refining 

The building of a second plant was started in 
1958. and its cobalt production Is being set in mo- 
tion during the course of the second part of 1960 
In this new plant, the process will comprise an 
electrolysis of clear, purified solution resulting in 
directly marketable cathodes 

The known amount of cobalt in the Katanga ores 
and the capacities of the existing and future plants 
of the company are such that Union Miniere pos- 
sesses incomparable potentialities for producing 


large tonnages of electrolytic cobalt of high quality 
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ENGINEERING UNITY 


The last century has witnessed the organization of professional societies 
in all fields of science and engineering. The consolidation of these societies 
into a unity such as the American Medical Association has been the aim 
of leaders in technology for many years. The following paper summarizes 
the actions taken and the plans proposed toward this much needed goal. 


by Will Mitchell, Jr. 


The AIME Board at its February, 1960, meeting 
appointed an ad hoc committee to study Inter- 
Engineering Society Cooperation. There are in this 
country twenty to thirty or perhaps more technical 
societies for engineers and engineering scientists 
Most of these organizations are autonomous and 
there is little or no cooperation among them. Many 
of the societies do not touch the lives of our Institute 
members. However, the several societies that are 
closely associated with the AIME have, at various 
times, banded together in cooperative organizations 


WILL MITCHELL, JR., is the chairman of the Inter-Engineering 
Society Cooperation Committee of the AIME 


to handle specific situations. It is felt by many engi- 
neers that the functions of these various cooperative 
organizations should be consolidated, possibly along 
lines similar to the American Medical Association 
and the American Bar Association. The AIME com- 
mittee for Inter-Engineering Society Cooperation 
was set up as an information gathering group, to 
report its findings to the Board. The following is 
a progress report of the investigations carried on 
to date 

The committee was comprised of Robert M. Ma- 
honey of the Metallurgical Society, Douglas Ragland 
of the Society of Petroleum Engineers, and Will 
Mitchell, Jr., of the Society of Mining Engineers. 
The committee met in New York in February and 
and March, 1960 and again in May in Chicago. The 
preliminary study has indicated that the following 
organizations enter into the professional lives of 
our members: The five Founder Societies (AIME, 
ASCE, ASME, AIEE, AICHE), United Engineering 
Trustees (UET), Engineers Council for Professional 
Development (ECPD), Engineers Joint Council 
(EJC), National Society of Professional Engineers 
(NSPE), and National Council of State Boards of 
Engineering Examiners (NCSBEE). 

Each committee man was assigned one or two of 
the groups to study. Mahoney covered the activities 
of the EJC and the NCSBEE; Ragland covered the 
activities of the ECPD: and Mitchell covered the 
activities of the NSPE. Some of these organizations 
are federated groups such as EJC and ECPD; others 
are direct individual member participation groups, 
such as the Founder Societies and NSPE. A brief 
history of these organizations follows. The purpose 
of each group and the nature of its membership is 
described 


The Five Founder Societies 


The term Founder Society is a convenient term 
used in grouping several early technical societies. 
Included in the group are the American Society of 
Civil Engineers founded in 1852, the American In- 
stitute of Mining, Metallurgical, and Petroleum En- 
gineers founded in 1871, the American Society of 
Mechanical Engineers founded in 1880, the Ameri- 
can Institute of Electrical Engineers founded in 
1884, and the American Institute of Chemical En- 
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These five societies as- 


forming and ad- 


founded in 1908 
umed the responsibility for 
ministering the United Engineering Trustees, and 
most active in the fund 


gineers 


have been the societies 
raising campaign for the new engineering build- 
ing at the United Nations Plaza. The Founder 
Societies also provided the initiative in organiz- 
ing several other cooperative professional and tech- 


nical effort 


United Engineering Trustees, Inc. 


In 1904. Andrew Carnegie donated $1,050,000 to 
the engineering societies for a building to house 
them and their activities. During that year, repre- 
entatives of the American Institute of Mining En- 
gineers. the American Society of Mechanical Engi- 
nee! and the American Institute of Electrical 
Engineers met in New York and created The United 
Engineering Society (UES), 
poration, to administer the proposed new home. The 
building in New York was completed by 1906 and 
UES a Prior to thi 
during the time of negotiation the American Society 
of Civil Engineers was housed in its own quarters 
in New York. However, in 1916, ASCE decided to 
ioin with the other three Societies and in so doing 
became the fourth Founder Society to occupy the 
Engineering Societies building. United Engineering 
became The Engineering Foundation, Inc., 
it acquired its present title, 
United Engineering Trustees, Inc. In 1958 the Amer- 
ican Institute of Chemical Engineers became the 
fifth Founder Society to join the UET corporation 
appointed by 


1 joint holding cor- 


sumed management time and 


Societie 


in 1930, and a vear later 


Three trustees of each society are 
the respective boards of directors of the Founder 
Societie 
During recent vears it was decided that the facil- 
of the original Engineering Societies building 
were no longer adequate space-wise or design-wise 


to administer the requirements of the mushrooming 


engineering activitie Subsequently, in 1958, a na- 
tional fund raising campaign was inaugurated to 
provide new facilities for the profession. The suc- 
of the ampaign is showing tangible results 
» building program being carried on today. The 
nts of UET over the past 56 years is ; 
example of the ability of engineers of dif- 


ciplines to cooperate in a common cause 


Engineers Joint Council 


In 1916 a Council of five representatives from 
each of the four Founder Societies and the UES was 
formed as a federation, “to provide for the con- 
venient cooperation between Founder Societies, for 
consideration of questions of general in- 
¥ and to the public.” 

TI group, called The Engineering Council, be- 
came in 1921 The American Engineering Council 
(AEC) with these defined objectives: 1) To further 

public welfare wherever technical and engineer- 
involved: 2) 


the propel 


terest to engineers 


knowledge and experience were 
onsider and act upon matters of common con- 
to the engineering and allied technical profes- 
Herbert Hoover, an AIME member, then US 
Secretary of Commerce, was the first President of 
AEC. The AEC operated effectively until the de- 
pression of the thirties. By 1940, when drastic re- 
juctions in contributions impaired the activities of 
the Council, the membership had grown to include 
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54 national, state, and local societies. The AEC col- 
lapsed in 1940 when three of its largest contributors 
withdrew. The funds remaining were held in trust 
for a future similar organization. The dissolution of 
AEC demonstrated the inherent weakness of a fed- 
eration type of unity organization 

In 1941. the Engineers Joint Council (EJC) was 
formed “to consider joint efforts in national de- 
fense”. The Council was composed of the officers 
of the Founder Societies. It was at first called the 
Joint Conference Committee, then it became the 
Engineers Joint Conference and finally in 1945 it 
became the Engineers Joint Council at which time 
a constitution was adopted. In 1943 each member 
ociety provided three 
mend a plan for the organization of the engineering 
profession. After considerable discussion and nego- 
tiation it was decided in 1952 to admit to EJC other 
Societies in addition to the five Founder Societies, 
and to provide for representation from the consti- 
membership 


representatives to recom- 


tuent societies proportionate to thei 
EJC Board membership is by appointment by the 
of directors of the technical societies. By 
federation 11 constituent 


boards 
1958 EJC included in it 
societies. 3 associate societies, and 7 affiliate 
etids. and claimed a federated enrollment of “al- 
most 300.000 individual members”. The activities of 
the EJC include, the Engineering Manpower Com- 
mission. Panels on Atomic Energy and National 
Water Policy, and Committees on Air Pollution, 
Automation. Engineering Sciences, Honors, Interna- 
tional Relations, Public Relations, and Recognition 
of Specialties in Engineering 


Engineers Council for Professional 


Development 

In 1932 representatives of the five Founder Soci- 
eties. the National Council of State Boards of En- 
gineering Examiners, the Society for the Promotion 
of Engineering Education (since called American 
Society for Engineering Education), and the Engi- 
neering Institute of Canada, established the En- 
gineers Council for Professional Development 
(ECPD). Originally the Council was formed “to 
advance the engineer professionally through the co- 
operative support of those national organizations 
directly representing the professional, scientific, 
educational, and legislative phases of the engineer's 
life”. However, now ECPD concerns itself with 
1) Education and development of young engineers, 
2) Establishment of standards for engineering edu- 
cation, 3)Accreditation of engineering curricula, 
and 4) Canon of ethics, 

ECPD is a federation governed by a board made 
up of three representatives of each of the societies 
mentioned above. Representation is made by ap- 
pointment by the boards of directors of the various 
societies involved. Through the years the splendid 
cooperation of the member societies and the w isdom 
of judgment of the various governing boards of 
ECPD have engendered a great respect from en- 
gineers and the public to the extent that ECPD is 
mentioned as an authoritative voice in the laws of 
41 states in our country 


National Society of Professional Engineers 


The National Society of Professional Engineers 
1934. Ever 


specialization led to the 


was formed in incr ing technological 


more and 


ate 
@ 
j 
| 
j 
| ays 
| 
ef 
vel 
| + 
fe | 
Aa 
| 
> 
: 
| 
| 
4 
» 


more technical societies, but it was realized that 
there were problems common to all engineers es- 
pecially in their professional responsibilities. It 
was recognized that the advancement of the arts 
and sciences of engineering was receiving adequate 


attention by the various technical societies, hence 


NSPE proposed not to interfere in the technical 
field. It was devoted to the common interest areas 
of professional, social, economic, and ethical fields 
NSPE is not a federation, but is similar in organiza- 
tion to the Founder Societies in that it is composed 
of individual dues-paying members who meet on 
the local, state, and national levels. In summary 
NSPE is: 1) Composed of professional engineers 
only, 2) Made up of individual dues paying en- 
gineers each having a voice in all affairs, 3) Op- 
erating at the three levels of interest of the citi- 
zen engineer—local, state, and national 

Registration laws covering the practice of engi- 
neering have been enacted in all states now; hence, 
registration has become a basic requirement for ad- 
mission to membership in NSPE. A few exceptions 
to this basic requirement exist but these are beyond 
the scope of this report. There is only one grade of 
membership in NSPE at the present time 


National Council of State Boards of 
Engineering Examiners 


Wyoming, in 1907, passed the first law requiring 
registration of engineers in our country. By 1920, 
eleven states had laws on their books covering regis- 
tration of engineers. In that year, the National 
Council of State Boards of Engineering Examiners 
(NCSBEE) was founded “to promote the public 
welfare by improving professional engineering 
standards through efficient administration of State 
Engineering Registration Laws, by facilitating in- 
terstate registration of engineers, and by defining 
and maintaining national qualifications for regis- 
tration”. NCSBEE is actively working on a revised 
Model Law which the council hopes will be adopted 
by all state legislatures in order to provide uni- 
formity and consistency among the states. Mem- 
bership in the state boards is by appointment by 
the governor or an authorized representative of the 
state legislative body and these members are se- 
lected in general upon recommendation by the state 
or national professional societies, or both 

Recently NSPE canvassed its membership of over 
50,000 with a questionnaire on Organization of the 
Profession. It is interesting to note that of the 15,000 
replies received, 20 pct of the members of NSPE 
also belong to ASCE, 15 pct belong to AIEE, 13 pct 
to ASME, 2.7 pct to AIME, and 2.6 pct responding 
claim membership in AIChE. It was indicated that 
75 pet of the members of NSPE belong to one or 
more technical societies. NSPE in its Policy No. 51 
has recommended that every member of NSPE 
should “join and support the work of the technical 
society which serves his particular field of practice’’. 

AIEE has proposed what is called the Functional 
Plan. The authors of the plan hope that it 
will be the first step toward unity in the profession 
It attempts to delineate the scope of the responsibil- 
ities of EJC, ECPD, and NSPE by proposing that 
1) Cooperative action on technical and other related 
matters be a function of the Engineers Joint Coun- 
cil; 2) Cooperative action in the field of engineering 


education, and ethical practice be the responsibility 
of the Engineers Council for Professional Develop- 
ment: 3) The National Society of Professional En- 
gineers be relied upon to further the developmerit 
of the professional interests of the engineers The 
ASME has gone on record as being in favor of the 
plan 

Another recent plan proposes the consolidation of 
the Engineers Council for Professional Develop- 
ment and the Engineers Joint Council and the crea- 
tion of a third department to handle professional 
activities. Under this latter plan registration of 
members would probably not be a requirement 

Any realistic plan for unity, however, must take 
into consideration some tax regulations that have 
been established by the Internal Revenue Depart- 
ment. The department classes voluntary member- 
ship organizations into: 1) Educational, scientific, 
religious, and charitable (501-C-3). The Founder 
Societies, United Engineering Trustees, and Engi- 
neers Council for Professional Development fall 
under this classification. These organizations can 
receive donations and gifts that are tax deductible 
to the donor. They are also privileged to receive a 
real estate tax exemption. 2) Trade associations, 
chambers of cornmerce, etc. (501-C-6) whose ob- 
jectives include the improvement of the economic 
welfare of the members. Organizations such as the 
American Mining Congress, the Mining and Metal- 
lurgical Society, the National Society of Professional 
Engineers, the American Medical Association, the 
American Bar Association, all fall in this group 
These groups can not receive the tax benefits men- 
tioned above. No funds from organizations listed 
under Group 1 above can be contributed to the or- 
ganizations listed under Group 2. However, funds 
from the organization listed under Group 2 may 
be devoted to those listed under Group 1 

The Engineers Joint Council, before its recent in- 
corporation, was classified under 501-C-6. Under 
the new charter all reference to professional-type 
dctivities has been omitted and EJC has requested 
reclassification as a 501-C-3 group 

This brief resume has been presented to refresh 
the background of the Inter-Engineering Society 
Committee and the AIME Board. For a more detailed 
tudy the reader is directed to the list of references 
The committee has used these publications for this 
report and has quoted freely from them. No conclu- 
sions or recommendations are being made at this 


time 
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Phases and Processes 


STRESS CORROSION 
OF 
AUSTENITIC STAINLESS STEEL 


by D. van Rooyen, Westinghouse Research Laboratories 


tilure of austenitic stainless More recently, however, the work but that they will lead to a clarifi- 
7 teels by transgranular' stress of Uhlig and his co-workers on cation of the mechanism of cracking 
corrosion cracking usually occurs in the effect of impurities has pro- Other studies of the mechanism of 
chloride or strong alkali solutions vided some hope that stress corro- cracking have been made, aimed at 
under thé nfluence of a tensile sion can be overcome by controlling solving the problem through a 
aa at elevated temperatures the composition of the alloys They thorough understanding of the basic 
. , showed that stable 20Cr-20Ni steels processes involved. The approaches 
Str relief and strict control of the resist cracking in boiling magne- taken by different investigators have ’ 
environment in which the steel is sium chloride test solutions if their varied considerably. At present it is 
placed have been used to relieve the nitrogen content is kept low enough still impossible to decide which 
cracking problem, but these meth- While nitrogen had an adverse ef- specific property of the alloys causes 
d vere not always possible or fect, they found that carbon could cracking to take place, if indeed 
completely effective. It is known increase the resistance of these al- there is only one process involved in : 
that cathodic protection can prevent loys to cracking Silicon was classed the cracking mechanism. Recent 
the onset of cracking. and that it can as a bene ficial addition to remelted work on the qualitative behavior of 
even halt the propagation of an ex 18-8 and 25-20 commercial steels propagating stress corrosion cracks a 
tle and cobalt and boron alloying addi- leaves doubt as to whether there are 
tions were also thought to hold pos- alternating steps of corrosion and 
has practical limitations. A fourth sibilities for improved stress-corro- instantaneous mechanical separation 
vay of avoiding troubl to select sion cracking resistance. This con- involved in the case of austenitic 
alloys of very high nickel contents tribution to the knowledge of stress steels. Thus certain workers believe i 
which have been found to resist corrosion is of necessity still incom- that brittle fracture accounts for the 
tre corrosion cracking. It was plete, but it has spurred several actual propagation of cracks and 
usually assumed that minor changes others to start work along the same that corrosion only triggers this 
in the composition of austeniti lines in order to obtain a fuller un- type of parting of the material. One 
steels do not have much influence derstanding of compositional effects interesting way in which this could 
on cracking, so that little hope was It is hoped that their efforts in the happen has been postulated by Niel- 
held for a solution to the problem metallurgical aspects of the problem sen™. Essentially there is a build-up 
by a metallurgical approach will not only provide more data, of solid corrosion products inside an 
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existing fissure, and since the cor- 
rosion products have a greater bulk 
than the metal from which they are 
formed, they will exert a consider- 
able pressure on the walls of the 
crack. When the combined forces of 
the externally applied stress and the 
stress due to the precipitated metal 
compounds exceed a critical value, 
the crack will jump a short distance 
This is followed by a standstill which 
is maintained until sufficient corro- 
sion has taken place at the apex of 
the crack to provide enough corro- 
sion products for the process to re- 
peat itself. Another explanation of 
a similar overall] mechanism has 
been proposed by Forty’, who based 
his arguments on observations by 
Edeleanu that cracking in brass 
is discontinuous. These arguments 
could equally be applied to austeni- 
tic steels: crack initiation is a chem- 
ical step, which is believed to set up 
an embrittled zone which cracks 
fairly readily under a tensile load, 
and in which the crack can reach a 
critical velocity. When such a crack 
reaches normal (non-embrittled) 
material, it can still propagate in a 
brittle manner into a normally duc- 
tile alloy, since its advance wil] de- 
pend on its velocity, and the rate at 
which metal can yield at its tip to 
relieve the stress. It is thought that 
alloys which are susceptible to 
stress corrosion cracking have a 
low initial rate of yielding (i.e., low 
dislocation velocity) so that crack 
propagation is supported 

Hoar” and his co-workers have 
made out a strong case for an en- 
tirely electrochemical mechanism of 
stress corrosion cracking of stainless 
steels. Their earlier work led to the 
conclusion that cracks could be 
formed by removal of metal along 
narrow planes by corrosion without 
the assistance of a brittle fracture 
step. Calculations, based on the rate 
of cracking, indicated that the an- 
odic current densities required for 
the process would be of the order of 
4 to 2 amps per sq cm. Under such 
conditions, however, one would nor- 
mally expect considerable anodic 
polarization, and there was doubt 
whether such a rapid corrosion re- 
action could be self-supporting. More 
recently, however, they have shown 
that austenitic stainless steel sam- 
ples can corrode at such high current 
densities with little or no polariza- 
tion provided that there is no con- 
centration polarization, the 
metal is undergoing plastic defor- 
mation™. In contrast to this property 
of commercial stainless steel, nickel, 
which does not suffer chloride stress 
corrosion cracking, is found to po- 
larize anodically under identical 
test conditions. In this connection, 
Basset and Edeleanu™ found some 
indication that moving dislocations 
arriving at the surface of brass are 
more important from a corrosion 
point of view than stationary ones 
They are also of the opinion that 
some stacking faults behave anomal- 


ously during corrosion, and tenta- 
tively suggest that the chemistry of 
reactions may be affected by the 
agglomeration of an alloying element 
around the stacking fault. The latter 
work was done with very thin foils, 
the structures and reactions of which 
were observed by direct-transmis- 
sion electron microscopy 

The relationship of metal structure 
to stress corrosion cracking of the 
austenitic stainless steels is another 
aspect of the problem which has re- 
ceived considerable attention. How- 
ever there is but little agreement 
even when comparing the more re- 
cent work. Uhlig basing his sug- 
gestions on results provided by 
compositional studies, points out 
the possibility that interstitial nitro- 
gen could help in the formation of 
crack-sensitive paths in the alloy 
during plastic deformation. This 
process could occur by either strain- 
induced precipitation of nitrides or 
incipient precipitates such as nitro- 
gen atmospheres at dislocations. The 
diffusion of nitrogen is thought to 
be accelerated by strain and ele- 
vated temperatures. The nitrogen- 
rich areas are expected to be cathodic 
to the adjoining alloy where pro 
gressive corrosion and _ cracking 
could then occur. Other workers 
have attempted to ascertain whether 
there is any preferred plane or 
family of crystallographic planes 
along which cracking progresses 
tarlier results indicated no such 
preference, but more recently Niel- 
sen™, and also Paxton and Reed 
have obtained indications that some 
planes may be preferentially at- 
tacked. The latter workers found 
that in single crystals of 20-20 al- 
loys cracks propagate along the cube 
plane which is more nearly normal 
to the applied stress. The crack zig- 
zags from one to another cube plane 
when they lie approximately sym- 
metrically to the direction of stress 
However polycrystalline 18-8 and 
20-12 alloys did not show the same 
preference. An interesting observa- 
tion has been reported by Swann 
and Nutting who found that there 
is an uneven distribution of solute 
in deformed alloys of low stacking- 
fault energy. Such alloys are also 
known for their susceptibility to 
stress corrosion cracking. Swann & 
Nutting suggest that segregation of 
solute to certain planes may lead to 
the formation of small cracks by an 
electrochemical mechanism. Along 
the same lines Uhlig” also proposed 
that cracking may be related to 
paths where defect predominate 
and where composition gradients 
exist. The over-all mechanism sug- 
gested by him, however, is one of 
conjoint electrochemical] action and 
selective adsorption of ions which 
lower the energy of the crack walls 
The idea of adsorption of ions which 
lower the surface energy and so ex- 
plains the easy formation of cracks 
is not new, but there is little experi- 


mental data in the stainless steel 
field to support such a mechanism 
It is to be hoped that some of the 
workers in stress corrosion will be 
able to overcome the great difficulty 
of carrying out work in this direc- 
tion, and that they will provide some 
badly needed data 

A novel method of detecting local- 
ized sites of preferential attack has 
been followed by Gulbransen and 
Copan who observe the shape of 
solid corrosion products of gas- 
metal reactions by direct transmis- 
sion electron microscopy They have 
shown that the oxide films on metals 
are mostly not uniform, but that 
whiskers and thin platelet shapes, 
perpendicular to the metal surface, 
are often formed in great abundance 
during high-temperature oxidation 
Also, the composition of the atmos- 
phere in which the oxidation is 
carried out has been shown to in- 
fluence the type of oxide growth 
drastically. The influence of applied 
stress is also under study. In general 
their approach is that the local sites 
of dry reaction could be the same as 
those which will give rise to crack 
initiation in liquid media. Although, 
the corrosion products during aque- 
ous corrosion will be soluble or may 
be precipitated at a distance from 
the place of reaction, the corrosion 
products in the gas-metal reactions 
are formed at the points or lines of 
activity, and may thus readily be 
studied. It will be a great step for- 
ward if these workers can show the 
correlation between the observed 
strange oxide shapes and defects 
such as dislocations within the 
metal structure. Of course, this will 
require the performance of ex- 
tremely difficult experiments 

The above discussion has been 
based on the contents of only some 
of the more recent information which 
has become available. The report 
shows that, while opinions differ 
widely on some aspects of the prob- 
lem, progress has been considerable 
and there seems to be reason for 
belief that the solution to the stress 
corrosion problem in stainless steels 
may not be too far distant 
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Prof. N. F. Mott of Cambridge University 
Will Deliver IMD Lecture at Fall Meeting 


1erals Prof. Nevill Francis Mott of Cam- come recent ideas are put 


forward 


Conference, which will be held in bridge University, England will de which attempt to reconcils the 
Salt Lake City Oct. 5-7. will offer liver the Institute of Metals Lecture available experimental evidence and 
everal sessions of particular in at the Fall Meeting of The Metal- to explain in outline the observed 
terest to metallurgist The con lurgical Society on Oct. 18. His sub- phenomena 
ference will be held at the ect will be The Work Hardening The practice of having a foreign 
with afin of Metal Crystal The Fall Meeting cientist deliver the IMD Lecture 
fneiMéles. for easty Yedlatration the will be held in Philadelphia Oct on alternate years is made possible, 
— . 17-20 in part, by a grant from the Na- 
afternoon of Oct. 4 Prof. Mott has been professor of tional Science Foundation 
The Welcoming Luncheon on physics at the Cavandish Laboratory In addition to the IMD Lecture, 
Wednesday, Oct. 5, will have Max- at Cambridge ince 1953, and Mas- Professor Mott will speak at vari- 
well E. Rich, Adj. General of the ter of Gonville and Caium College ous universities and corporation re- 
Utah National Guard as the fea University of Cambridge ince 1959 earch laboratories. He is scheduled 
tured peaker. Joseph L. Gillson He was Henry Overton Wills pro to arrive in New York from England 
president of AIME, will be the guest fessor, and director of the Henry on Sept 27. He will spend the 28th at 
peaker at the minerals luncheon Herbert Wills Physical Laboratori 3ell Telephone Laboratories. Sept 
San selene om Sheeeten wiih at the University of Bristol from 29 30 Professor Mott will be at the 
will interest metallursiste. will in 1948-1953 7 General Electric Laboratories in 
clude paper ois Miamené Sater Professor Mott has been a Fellow Schenectady. He will spend Oct 3-5 
4 oy of the Roval Society since 1936. He at the Institute for the Study of 


Design by J. D. Vincent: El 


lytic Tungsten and Molybdenum by Roval Society in 1941. and the Roval Professor Mott will visit Westing- 
D. H. Baker, Jr.. and J. B. Zadra Medal in 1953 house and U.S. Steel in Pittsburgh 
Role of Micro-organisn n Leach Educated at Clifton College. St On Monday, Oct. 10, he will lecture 
ing Processe and The Vernal John's College and Cambridge at Yale University. He will spend 
Phosphate Project of San Francis Professor Mott has been a member the rest of the week at Massachu- 
Chemical Co., by D. L. King. The of the Governing Board of the Na- setts Institute of Technology. On 
Thursday afterncon sessions will tional Institute for Research in Nu Oct 7 18 Professor Mott will be at 
often The Since Daabeae tl clear Science ince 1957. He was T he Fall Meeting of The Metal- 
Standard Metals Corp.. by Edgar T also president of the Inte rnatic nal lurgic il Soc iety in Philadelphia He 
eae a Union of Physi from 1951-1957 plans to return to England Oct. 19 
Si and president of the Physical Soci- 
by ‘ |. Shaffer. Abstracts of all ety fre 156-1958 & S G 
papers will be available by the time Hi research work has been Iron teel roup 
the conference open mainly on metals, semiconductors, To Meet in England 
Exp it SV! posiur will ina olid tate pl cs Professor 
e held n Friday morning, Oct. 7 Mott has written for various scien- Phe sorty-first optenteay of the 
It tific periodicals about atomic phys Iron ane Steel Engineers Group will 
levelopment f ine from ore metal ind semiconductors. In in Scunthorpe, England Oct 
iddition, he the joint author of 
earch to production, costs of ort Mott and Jones’ Theory of the Prop The program will include tech- 
eare! ina ore earcl Hjyectives ertic ft Metal ind Allo and nical session at which papers on 
ts, and result Canada. Speak ‘ther books in the field of de ana developments at Appleby-Froding- 
el n the panel will include Franc coll i thanrs ham, lighting in the iron and steel 
Cameron, C. P. Pollock, and Charles The aim of Profé 1 Mott's lec- industry, failures in a blooming mill, 
C. Hustor ture will he ‘ — ‘riz our i redeveloping an integrated iron 
\ final feature if the conference present knowledge of the phenor ind steelworks, will be presented 
will be a trip to the Magna, Utah enon of work hardening in tern ind discussed 
plant of Hercules Powder Co. This of the behavior of dislocatior Re- There will also be visits to the 
the , moder: k trar on electron works of the Applebv-Frodinghan 
for omer development cor und the information de Ste Co., John Lysaght's Scunthorpe 
f luce ontrasted with the Work _Ltd., and Richard Thomas 
nformatiot ibtained fror exam- and Baldwins Ltd., by invitation of 
NG nation of slip lin Ithough it i the companies. The Lincolnshire 
Se nee & Ni ita nplete understand- Ironmasters’ Association will be the 
e H Friday even f the process is vet possible hosts at a dinner on Oct. 26 
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Prof. Forward Named 
Scott Award Winner 


Prof. Frank A. Forward, head of 
the Department of Metallurgy at the 
University of British Columbia, will 
receive one of the John Scott Awards 
of 1960 for his invention of the For- 
ward Process for extracting nickel 
and other metals from ore concen- 
trates. The award, consisting of a 
copper medallion and a cash prize 
of $1,000, will be presented Oct. 18 
at the Fellowship Dinner of The Met- 
allurgical Society during its Fall 
Meeting in Philadelphia. Among 
those attending will be the Canadian 
Consul General, H. A. Scott. The 
award was established in 1816 by 
John Scott, a chemist of Edinburgh, 
Scotiand, who bequeathed $4,000 in 
trust to the city of Philadelphia. To- 
day the fund has grown to $110,000 

The award will be presented by 
Donald C. Rubel, vice president of 
the Board of Directors of City Trusts 

Prof. Forward’s process has sub- 
stantially added to the world’s sup- 
ply of nickel. The extraction of thi 
metal from several sizeable ore de- 
posits, particularly those in Canada 
was not commercially feasible until 
Prof. Forward invented his process 
which primarily consists of the ex- 
traction of nickel and other useful 
metals from ore concentrates by am- 
monia and water under pressure. The 
Forward process is not only less 
costly to operate on these ores, but 
also a substantially lower investment 
is necessary. Unlike older processes 
nearby supplies of coal or oil are not 
required 

In the past, recipients of the award 
have included Marie Curie, for the 
discovery of radium; Orville Wright 
inventor of the airplane, and Gugli- 
elmo Marconi, inventor of the wire- 
less telegraph 


THE ENGINEERING INDEX 


Here is a guide to the current 
technological literature of the 
world. More than 1500 bulle- 
tins, reports, transactions, and 
periodicals are reviewed and 
abstracted to supply engineers 
with up-to-the-minute devel- 
opments in their respective 
fields of interest. Information 
on a range of 249 subject divi- 
sions is classified on 3 x 5 in 
cards, then passed on to sub- 
scribers to the index service 
in the form of daily and weekly 
reports 

You can choose as much or 
little of the service as you need, 
at a cost to fit your budget 
For a free 16 pp. catalogue 
listing divisions, prices, and 
additional information, write 


The Engineering Inder, 29 W 
39th St., New York 18 


THE SECTIONS 


Bar & Shaped Products 
Conference Planned 


A one-day conference on Bar and 
Shaped Products will be held at the 
Penn-Sheraton Hotel, Pittsburgh, on 
Jan. 18, 1961, under the sponsorship 
of the Mechanical Working Com- 
mittee, Iron and Steel Division, The 
Metallurgical Society, and the Pitts- 
burgh Section of AIME 

Papers will include discussions of 
the surface preparation and rolling 
of primary products and new de- 
velopments in processing and test- 
ing 


NSF Program Offers 
Chance For Study 
In Scandinavia 


Opportunities for a _ specialized 
scientific research and training for 
one-year period in Norway, Sweden, 
and Denmark are now available to 
five U. S. scientists under the terms 
of a $15,125 grant made by the Na- 
tional Science Foundation to the 
Scandinavian Council for Applied 
Research 

The foundation listed the follow- 
ing fields of science for which U. S 
scientists may apply: acoustics, cor- 
rosion, chemical engineering, auto- 
mation, microbiology, biotechnology, 
mass spectrometry, speech transmis- 
sion, and calorimetry 

The foundation grant will provide 
on the average $825 for institutional 
costs, $1,500 for stipends, and $700 
for travel for each U. S. participant 
The balance of institutional 
and additional stipend will be pro- 
vided by the Organization for 
European Economic Cooperation 
(OEEC), another sponsor of the 
program, called the Growing Points 
program. Studies can be started any- 
time of the year, in accordance with 
an agreement with the head of the 
Growing Point center 

Selection of U. S. participants will 
be made by the Scandinavian Coun- 
cil for Applied Research. Applicants 
should direct inquiries to the Scan- 
dinavian Council for Applied Re- 
Gaustadalleen 30, Blindern, 


costs 


search 


Norway 


USE the SERVICES of 
THE ENGINEERING 


SOCIETIES LIBRARY 


29 West 39 Street, 
New York 18, N. Y 


High Temperature 
Conference Set For 
Cleveland, April 26-27 


The Cleveland section of AIME 
will sponsor a High Temperature 
Materials Conference on April 26-27, 
1961 at the Hotel Pick-Carter in 
Cleveland. It will be held in coopera- 
tion with the IMD High Temperature 
Alloys Committee and Refractory 
Metals Committee. The presentation 
is expected to be patterned after 
the Cleveland meeting of 1957 which 
resulted in the publication of the 
book, High Temperature Materials 
edited by Hehemann and Ault, and 
published by John Wiley & Sons 

The subjects will cover materials 
suitable for use above 1600°F, as 
listed: 1) Requirements for High 
Temperature Materials, 2) Cobalt 
and Nickel Alloys, 3) Molybdenum 
and Columbium Alloys, 4) Tungsten 
and Tantalum Alloys, 5) Graphite 
and Refractory Compounds, 6) Coat- 
ings on Refractory Metals, 7) Pro- 
cessing and Fabrication of Refrac 
tory Metals 

The conference will be of interest 
to engineers and scientists working 
in the missile, aircraft, nuclear and 
related fields. Those desiring to sub 
mit papers on recent research and 
developments on the listed subjects, 
hould send title and summary out- 
lining the scope and detailed de- 
scription of data by Dec. 1, 1960 
These should be sent to: 


Dr. H. P. Munger 

Republic Steel Research Center 
6801 Brecksville Road 
Cleveland 31, Ohio 


A detailed program will appear in 
a later issue of Journal of Metals 


Structural Materials 
Group Meets Oct. 18 


The IMD Structural Materials 
Committee will meet at the National 
Meta] Congress in Philadelphia Oct 
18. The meeting will be held in the 
Independence Room of the Sheraton 
Hotel at 8:30 a.m 


On Wednesday, Oct. 19, the com- 
mittee will sponsor a symposium at 
the Fall Meeting. This symposium, 
which will be in the Pennsylvania 
East Room at 2 p.m., will have six 
speakers. The subject will be Struc- 
tural Materials in Cryogenic Design 
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Engineers Joint Council delegation to the US.S.R.—Seated, L to R—Walter E. Lobo, consulting 
chemical engineer, New York, N. Y.; H. Russell Beatty, president of Wentworth Institute, Boston, 
Mass. Standing, L to R—Cariton S. Dorgusch, advisor, Engineering Manpower Commission of 
EJC, of Columbus, Ohio; Oleg Hoeffding, economist, the Rand Corp., Santa Monica, Calif.; 
Sidney B. Ingram, director of technical employment, Bell Telephone Laboratories, Inc., Murray 
Hill, N. J.; and Robert M. Mahoney, manager, Industrial Relations Development, Union Carbide 
Corp., New York, N. Y 


In accordance with the Soviet- high school students directly to 
American program of scientific, tech- higher education immediately upon 
nical, and cultural exchange, a group graduation. The remainder of the 
of six-men—representatives of the graduates must join industry for 
EJC—has recently completed a two years before they may be ad- 


month of travel and observation in mitted. The chosen 20 pct are not to 


the USSR. The delegation was con be harbored in an academic tower 
posed of men representing a cross- The curricula includes a year and 
ection of engineering pecialtie four months of industrial activities 
engineering education, and econom- Intensive theoretical and mathe- 
\ The members were: Walter E matical studies combined with prac- 
Lobo, delegation chairman, consult- tical experience provide a_ high- 
ing chemical engineer, New York, quality engineering education. The 
N. Y.; H. Russell Beatty, president of delegation found that foreign lan- 


two j 
Wentworth Institute 3oston, Mass.: guages and political economy were 


Carlton S. Dargusch, advisor, En- included in the course of studies to 


gineering Manpower Commission of the exclusion of what we refer to as 
Engineer Joint Council, Columbu the hurnanities 
Ohio Oleg Hoeffding, economist, This program produces’ 108,000 


Rand Corp., Santa Monica, Calif 
Svdnev B. Ingran 


graduate engineers each year. How- 
director of tech ever, Mr. Lobo, spokesman for the 
yment, Bell 


nical emplo Telephone group, stated that many engineers 
Laboratories, Inc., Murray Hill, N. J.: were assigned to jobs which would 
and Robert M. Mahoney, manager, not be considered engineering posts 
industrial relation development in this country 
Union Carbide Corp., New York The Russian technicums represent 
N . a very effective four-year training 
Their foremost objective was to progran The USSR Ministry of 
udy the utilization of enginee: Higher and Secondary Education 
ind engineering technician The tated that 250.000 technicum stu- 
lelegation visited 13 technical insti- dents are graduated annually. This 
tut three technicums, and five en- figure compares to the yearly gradu- 
erp! industrial plant which atior 14.000 to 16.000 graduate 
were ituated in Moscow Leningrad echnicians in the US. The delegation 
Kharkow, Rostov, Baku, Tashkent felt that not over 1000 of the above 
_ Smarkand compare favorably with their Rus- 
Significant changes nave beer sian counterparts 
taking place in the Soviet education It interesting to note that ap- 
ysten 4 goal has been set to ad- 
mit no more than 20 pet of then Continued on page 817) 
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Price Will Increase 
For Transactions 


Announcement has been made 
by The Metallurgical Society that 
effective January 1, 1961, the sub- 
scription price of the bi-monthly 
TRANSACTIONS OF THE METALLUR- 
cicaL Society or AIME, will be in- 
creased for non-members from 
$20.00 per year to $30.00 per year 
For non-members outside of the 
Western Hemisphere, a subscription 
will cost $32.00. These increases are 
necessitated by increased publica- 
tion costs. There will be no increase 
of the yearly subscription to mem- 
bers, remaining at $5.00 per year 

Bound volumes, if ordered when 
paying annual dues will remain at 
$5.00 for members. If ordered later, 
the charge for bound volumes of 
TRANSACTIONS will be $6.50. Bound 
volumes for non-members will cost 
$35.00 after January 1, 1961 

Because of the expense of carry- 
ing bound volumes of back issues in 
inventory, the charge for back vol- 
umes will be increased to $35.00 for 
non-members on January 1, with 30 
pet discount being given to members 
or $24.50 per volume. 

Members may wish to purchase 
copies of bound volumes now before 
the price increase becomes effective 
The following price schedule for 
members will exist for the balance 
of the year for those volumes that 
remain in stock 
1958-1959 
$5.00 per copy (non-members, $25.00) 
1954-1957 
$6.30 per copy (non-members, $9.00) 
1953 
$4.90 per copy (non-members, $7.00) 

Metals Branch TRANSAcTiIons for 
the years 1949-1952 inclusive are cur- 
rently out of stock. Arrangements 
have been made with Johnson Re- 
print Corp. to reprint Volumes 1-4 
of JouRNAL oF MeTALs, including 
Transactions. A discount price will 
be available for members of AIME 
This will make it possible for indi- 
viduals and libraries to obtain a com- 
plete set of Metals TRANSACTIONS 
from 1949 to the present. Orders 
for the years 1949-1952 should be 
sent to Johnson Reprint Corp., 111 
Fifth Avenue, New York 3, N. Y 


Engineering 
Societies 
Personnel 
Service Inc. 


Agency) 

Under the auspices of the Four Founder 
Engineering Societies ond affiliated with 
other renowned Engineering Societies, ESPS 
offers many years of placement experience 
in addition to world-wide contocts 

New York Chicago 

8 W. 40th St 29 E. Madison St 


Son Francisco 
| 57 Post St 
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MEMBERSHIP 


Proposed for Membership 
Metallurgical Society of AIME 
Total AIME members on August 30, 1960, 
was 34,205; in addition 2,545 Student Mem- 
bers were enrolled 


ADMISSIONS COMMITTEE 
W. L. Brytczuk, Chairman; S. C. Carapeltia, 
Jr.; J. W. Hanley; T. D. Jones; H. C. Larson; 
Harold Margolin; Shadburn Marshall 
The Institute desires to extend its privi- 
leges to every person to whom it can be of 
service, but does not desire as members per- 
sons who are unqualified. Institute members 
are urged to review this list as soon as pos- 
sible and immediately to inform the Secre- 
tary's office if names of people are found 
who are known to be unqualified for AIME 
membership 


Members 
Allen, Walter C., Dover, N. J 
Chang, Winston H., Cincinnati, Ohio 
Chatteriee, Saurindra N., Pittsburgh, Pa 
Durdin, Lewis H., Birmingham, Ala 
Fox, Philip J.. Youngwood, Pa 
Gerken, John M., Cleveland, Ohio 
Hanssor Ants, Chicago, Ul 
Hitzinger, Walter, Linz-Donau, Austria 
Kelsey, Frederick S., Aliquippa, Pa 
Kessler, Martin, Lexington, Mass 
Meacham, Alfred J.. Shaker Heights, Ohio 
Meissner, Herman P., Cambridge, Mass 
Moore, W. Thomas, Cleveland, Ohio 
Raub, Ernst, Schwabisch Gmund, Germany 
Schetky, Laurence M., Cambridge, Mass 
Smith, John F. Jr., Chicago, I! 
Valdivia, Eugene, Taicahuano, Chile 
Vignola, Raul R., Talcahuano, Chile 
Vogel, Emil F., Girard, Ohio 


Associate Members 


Slater, Rollin A., Cleveland, Ohio 
Worrell, John C., Wyandotte, Mich 


Junior Members 
Baruch, Thomas R., Columbus, Ohio 
Goldberg, Perry D., Reseda, Calif 
Jacobson, David S., Attleboro, Mass 
Moore David E Graceville, Queensland, 
Australia 
Okuda, Shigeo, Houston, Tex 
Westwood, Albert R. C., Baltimore, Md 
White, Donald, G., Monroeville, Pa 


REINSTATEMENT—MEMBER 
Chernock, W. P., West Hartford, Conn 


REINSTATEMENT—JUNIOR MEMBER 
Johnson, Robert D., Paradis, La 


SPECIAL REINSTATEMENT—STUDENTS 
University of Minnesota 
Leak, Vance G 


STUDENT MEMBERS 


University of Oklahoma 
Doering, Harvey V 
Pennsylvania State University 
Dolan, Robert W 

Rice University 

Youngblood, James I 
Stanford University 

Neiman, Alfred S 


NECROLOGY 


Date Date of 
Elected Name Death 


1955 Bachner 


1960 


July 31, 1960 
June 


Metallurgical Society 
Publishes Booklet 


The Metallurgical Society has 
published Careers In Metallurgy 
and Metallurgical Engineering, a 
sixteen page booklet to aquaint stu- 
dents with the meaning of metal- 
lurgy and the possibilities for ca- 
reers in the field 

The booklet was made possible 
by a $7500 grant from the National 
Science Foundation 

Illustrated with photographs and 
sketches, the booklet is divided into 
five chapters which answer the 
questions: 1) What is metallurgy 
and what is a metallurgical engi- 
neer; 2) What does he do; 3) What 
would such a profession offer me; 
4) What does it take to be a metal- 
lurgical engineer; 5) How can I 
prepare to become a metallurgical 
engineer 

Copies of the booklet will be 
available to anyone desiring them 
It will be distributed through the 
National Science Teachers Associa- 
tion 

The booklet was prepared by The 
Metallurgical Society's Education 
Committee, which is composed of 
A. W. Schlechten, Missouri School 
of Mines and Metallurgy; R. Schuh- 
mann, Jr., Purdue University, R. W 
Fountain, Union Carbide Metals Co.; 
W. O. Philbrook, Carnegie Insti- 
tute of Technology; C. C. Long, St 
Joseph Lead Co.; and J. J. Burke, 
JOURNAL OF METALS 

The inside back cover of the 
booklet contains a list of colleges 
and universities which have cur- 
ricula in metallurgical engineering 
accredited by the Engineers Council 
for Professional Development (1959) 


Education 
(Continued from page 758) 


in each of five fields, totaling 110 
cash awards and corresponding cer- 
tificates. Steel foundries will also 
receive certificates recognizing their 
cooperation in developing entries in 
behalf of users. Each entrant will 
receive a copy of the 1960 Steel 
Castings Handbook, a completely re- 
vised and rewritten volume of met- 
allurgical, design, engineering, and 
production data 

There will be two classes of en- 
trants: industry and student. Indus- 
try personnel, except steel foundry 
employees and SFSA staff members, 
are eligible to compete in the indus- 
try class and full-time students (in- 
cluding graduate students) are el- 
igible for the student contest 

Entries for both classes must be 
made in one of five divisions: 1) end 
cost, 2) mechanical design, 3) met- 
allurgical design, 4) redesign or con- 
version, and 5) unusual or unique 

Complete rules and format guides 
for the 1961 Centennial Product and 


Development Contest are available 
from the Steel Founders’ Society of 
America, 606 Terminal Tower, 
Cleveland 13, Ohio 


EJC Reports. . . 


(Continued from page 816) 


proximately one third of the tech- 
nical students were women. The 
women, it was believed, had been 
granted this opportunity because of 
a temporary shortage of men—due 
to World War Il—rather than a 
desire for equal privileges for 
women 

This thought was supported by 
the fact that few women were ob- 
served to have reached top manage- 
ment positions. Management seems 
to stick to party lines—about 75 pct 
of the managers carry party cards 

A great stress is put upon the con 
tinuation of education. The higher 
social status which comes to engi- 
neers and scientists provides the 
impetus to take part in correspond- 
ence and refresher and upgrading 
courses. The members thought eco- 
nomic and social rewards spurred 
undergraduates to more serious en- 
deavor than is noted in the average 
American engineering student. Ap- 
proximately 75 to 80 pct of all stud- 
ents receive stipends for academic 
achievement 

Throughout their technical edu- 
cation the Russian students work in 
close cooperation with industry. As 
a consequence, they achieve a train- 
ing in a specialty in addition to a 
broad basic education. On the other 
hand, most US students, bachelors 
candidates, do not receive any 
degree of specialized training until 
after graduation 

The US delegation concluded that 
we must become more serious in our 
view of education. Though the 
Russian system does not seem ap- 
plicable to our country, much can 
be learned from it. According to the 
EJC group, the American student 
must be made to realize the impor- 
tance of his training both to himself 
and to his country 


OBITUARIES 


Dr. Harry K. Ihrig, vice president 
in charge of research for Allis- 
Chalmers Manufacturing Co., died 
suddenly Aug. 22. He was 62. Prior 
to joining the company in 1950, Dr 
Ihrig had been associated for 16 
years with Globe Steel Tubes Co 
Milwaukee, as director of labora- 
tories and vice president 

In 1947 he was awarded the Robert 
W. Hunt medal by AIME for the 
best paper published on iron and 
steel research 
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4 Unknown 
1948 Emrath, P. July 4, 1960 
1954 Fletcher, J. E Unknown 
1907 Harrington. G. B May 13, 
Legion of Honor 
1940 Hett, Pau 
1913 Hoffman, R. B 
1954 James. John ( Unk 
1931 Jones, V. W Unknown aca 
4 1960 Kapantais, T P July 3, 1960 oa 
1956 Neely, F. H May 9. 1960 ye 
1917 Riddell. J. M July 13. 1960 a 
1955 Swenson, G R July 22, 1960 
t 1922 Warner, George A June 26. 1960 ons 
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Oct. 3, Chicago Section, NOHC, Fall 
Meeting, Phil Smidt’s Restaurant, Hammond, 


Ind 


Oct, 5-7, Rocky Mt. Minerals Conference, New 


house Hotel, Salt Lake City 


Oct. 12, Annual Meeting of the Cast 


Bearing Institute, Grove Park Inn, 
N.¢ 


Oct 12-13, Seventh National Symposium, 


American Vacuum Socrety 
Sheraton Hotel, Cleveland 


Oct. 12-14, Fourth Conference on 


Chemistry in Nuclear Reactor Technolo 
First Conference on Chemistry in 
Reactor Technology, Gatlinburg, Tenn 


Oct. 13-14, Southwestern Section, NOHC, Fall 
Meeting, Statler-Hilton Hotel, Dallas 


Oct. 13-15, 1960 Annual Meeting of the Non 


Ferrous Founders’ Society, Grove 


Asheville, N. 


Oct. 17-18, Annual Convention, The 
ium Association, Pick Carter Hotel, 


land 


Oct. 17-20, Fall Meeting of The Metallur 
Society of AIME, Sheraton Hotel 


lelphia 


Oct 17-21, Fall Meeting of the 
Francaise de Metallurgie, Maison 


Chimie. Paris 


Oct. 23-26, Seminar on Rare Earth 


Arrowhead Center, University of California, 


> Los Angeles 


Oct. 28, Eastern Section, 
nual Conference Warwick Hotel 


Nov 4. Pittsburgh Section AIMF 


nual Off-the-Record Meeting, Penn-Sheraton 


Hotel, Pittshurgh 


Nov. 8-11, First National Die Casting Exposi 
tion and Congress, Detroit Artillery 


Detroit 


Nov. 15, Buffalo Section, NOHC, Lith 
Fa Meeting, Statler-Hilton Hotel, 


Nov. I 


4-16, Fifteenth Technical and 


fere 
America, Hotel Carter, Cleweland 


Nov. 30-Dee. 2, AIME 18th Electric 
Conterence, Morrison Hotel, Chicago 


Jan. 18, 1961, ¢ ter e on Bar an 
Products, sponsored | Mechanical 
Committee of The Metallurgical Society, 


Penn-Sheraton Hotel, Pittsburg 


Feb. 26-March 2, 1961, AIME Annual Meeting 
Chase & Park Plaza Hotels, St. Louis 


Mar. 13-14, 1961, 59th Annual Meeting, Steel 
Founder Soctety of America, Drake 


au 


Apr. 10-12, 1961, 44th National Ope 
el ¢ 


St nierence and Blast Furnace 
ven and Raw Materials Conference 
ton Hote Philadelphia 


Apr. 12-14, 1961, AIME International 


n meration Sherato 
idelphia 
Apr 26-27. 1961, Cleveland Section 
Meta rgical Soctety Technical 
' High Demperature Mater 
ter, veland 
Oct. 23-26, 1961, Fa Meeting t 


cal Soctet t AIME, Pick-! 
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+ Nickel-Chrome Alloys 
+ Stainless Steels 

+ Jet Alloys 

Titanium 

Zirconium 

Tantalum 


Not a single piece oF $€f@p making up your 
shipment of secondary alloys F@m Frankel contains 
less than the amoun?6F alloying agents 
you specify. This means Mot the average 
content of the alloying agents is tothe maximum 
side of your Specification. 
That's your standard Frankel bonus. 

You pay nothing for 
No wonder more and more buyers of secondary 
special alloys are turning to Frankel. 
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VRLIAIW PALES 

Ate. 
BIRMINGHAM—FAirfax 2-2581 BOSTON—HUbbard 2-9830 CHICAGO—VAnderbilt 4-4]122 DAYTON—KEnmore 6-104 
YOU! LL FIND THRE ANSWER TO 


DENVER—AComa 2-5704 DETROIT—FOrest 6-9626 HOUSTON—ORchard 2-9401 KANSAS CITY—DRexel 1-0034 


FAST ALLOYS SERVICE 


PAGES Ohio Corporation 
Cont 


are 


LOS ANGELES—LUdiow 5-1128 MILWAUKEE—Broadway 6-6930 


FROM LOCAL WAREROUSE STOCKS 


OAKLAND 


MINNEAPOLIS—FEderal 9-0231 OAKLAND—OLympic 8-3300 ROCK ISLAND—6- 3364 ST. LOUIS—GArfield 1-3110 


IN-EACH OF THESE BOOKS! 


Whenever you need ferro-alloys 
and wherever you are, the fast, 
dependable way to get what you 
need is to call the Ohio Ferro- 
Alloys warehouse or distributor 
nearest you. You'll find these 
experienced, helpful people in 
the cities represented by the 
phone books shown here, and a 


Sant Lame ery 


: —— phone call will bring you the 
kind of service that makes 
SALT LAKE CITY—EMpire 3-8932 TACOMA—MArket 7.0321 VANCOUVER, 8. C.—MUtual 4.8531 of meuntoles. 


SALES OFFICES BIRMINGHAM CHICAGO DETROIT KANSAS CITY MINNEAPOLIS PITTSBURGH SALT LAKE CITY SEATTLE 
BOSTON DENVER HOUSTON LOS ANGELES PHILADELPHIA ST. LouISs SAN FRANCISCO VANCOUVER, B.C. 
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